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ABSTRACf 
Hyrum Reservoir, Utah, was studied for one year and then for a year following the 
initiation of artificial destratification. The redistribution of dissolved oxygen to the lower 
depths of the reservoir significantly increased the amount of habitat suitable for trout. The 
annual Aphanizomenon bloom increased during that first year after initiating destratification. 
The nitrogen cycle and the vertical distribution of bacteria were altered as a result of the 
elimination of the thermocline. During -de stratification the total suspended solids were 
correlated with the total coliforms. In summary, the water quality of Hyrum Reservoir was 
highly affected by annual runoff, spring and fall overturns, and destratification; sediments, the 
increased Aphanizomenon bloom, higher eiplimnetic nutrient concentrations, more uniform 
microbial and nutrient distributions all resulted from these hydraulic factors working singly 
and in combination. -
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ACKNOWLEDGMENTS 
The authors are grateful to the following agencies for support ; the senior author was 
supported on an EPA pre doctoral fellowship, the initial phases of the project were supported 
by Utah Water Research Laboratory mineral lease funds (WR-125), the College of Engineering 
purchased the compressor, and the final phases were supported by the Office of Water 
Research and Technology (JEWDl!). . 
Many persons helped in the performance of the destratification phases of the study. 
Mayor Reece Nielsen of Hyrum made it possible to set up and run the destratification study; 
the South Cache Water Users gave permission for and supported the goals of the study. 
Commissioner Marion Olsen gave support for the study. Bruce Olsen, ranger at Hyrum State 
Park , was very helpful to project maintenance. Dexter Pitman and Kent Summers. Utah 
Division of Wildlife Resources , gave freely of their time in supporting the project and 
providing data on fi sheries. Jay Hall of the Cache County RC :.l nd D was also very encouraging 
to the project. 
Laboratory equipment and facilities were provided by the Utah Water Research 
Labora tory, Jay M. Bagley, Director. Laboratory and field help was provided chiefly by Cindy 
Wininger and John Gill. Mary C. Vogelsberg did much of the algal identification and counting. 
Dr. Ray 1. Lynn of Utah State University helped with algal identifications; Dr. Fred J. 
Post of Utah State University provided excellent help and advice with the bacteriological 
analyses. Also both persons reviewed the manuscript as did Dr. V. Dean Adams of Utah State 
University. Mr. Henry Runke and Dr. Sam Rushforth of Brigham Young University helped in 
the algal identifications, especially the difficult specimens. 
Our thanks to all of these people without whom the study could not have been 
accomplished. 
iv 
INTRODUCTION 
Nature of the Problem 
Objectives 
TABLE OF CONTENTS 
EUTROPHICATION AND THE ROLE OF DESTRATIFICATION IN 
POSSIBLY ELIMINATING ALGAL BLOOMS 
Destratification and the Control of Algal Blooms 
Aquatic Bacteriology 
METHODS AND MATERIALS 
Reservoir Description 
Destratification . . 
Sampling Frequency, Location and Methods 
Analytical Methods 
RESULTS 
Section I. Vertical Profiles 
Temperature 
Dissolved oxygen 
pH ..... 
Total suspended solids 
Ammonium nitrogen 
Nitrite nitrogen . . . . 
Nitrate nitrogen 
Total unfiltered phosphorus 
Total filtered phosphorus 
Filtered orthophosphate phosphorus 
Carbon ..... 
Inorganic filtered carbon 
Chlorophyll a 
Algae . . . . . . 
Total bacterial plate count 
Total and fecal coliforms 
Zooplankton .... 
Relative vertical illumination 
Section II. Single Dimensioned (Non-Depth) Parameters for Hyrum Reservoir 
Volume 
Reservoir residence time 
Water temperature 
Dissolved oxygen 
Total suspended solids 
pH ..... . 
v 
Page 
3 
3 
4 
7 
7 
7 
7 
9 
11 
11 
11 
11 
14 
14 
14 
17 
19 
19 
22 
22 
22 
22 
22 
27 
30 
3S 
37 
3i 
37 
37 
37 
37 
41 
41 
41 
TABLE OF CONTENTS (CONTINUED) 
Page 
Inorganic filtered carbon 41 
Ammonium nitrogen 41 
Nitrite nitrogen 41 
Nitrate nitrogen 41 
Total inorganic nitrogen 46 
Total unfiltered phosphorus 46 
Total filtered phosphorus 46 
Filtered orthophosphate phosphorus 46 
Filtered organic phosphorus 46 
Chlorophyll a 46 
Total algae .. ... 46 
Genera diversity index 46 
Total bacterial plate count 50 
Total and fecal coliforms . 50 
Zooplankton .... 50 
K e ' light extinction coefficient 50 
Secchi depth ..... 56 
Section III. Correlation Coefficients for Various Water Quality Parameters 
of Hyrum Reservoir 56 
May 26, 1972 58 
June 9 , 1972 58 
June 22, 1972 58 
July 5, 1972 59 
July 19, 1972 59 
August 2, 1972 59 
August 14, 1972 59 
August 30, 1972 59 
September 13, 1972 59 
September 29, 1972 59 
October 18, 1972 59 
November 3, 1972 60 
November 17, 1972 60 
December 20, 1972 60 
January 6, 1973 60 
January 27, 1973 60 
February 10, 1973 60 
February 24, 1973 60 
March 10, 1973 60 
March 27, 1973 60 
April 17,1973 60 
April 28, 1973 61 
May 12,1973 61 
May 30, 1973 61 
June 9, 1973 61 
June 25, 1973 61 
July 12, .1.973 61 
july 28, 1973 61 
August 15, 1973 61 
August 28, 1973 61 
September 12, 1973 62 
September 29, 1973 62 
October 13, 1973 62 
November 3, 1973 62 
November 17, 1973 62 
.-~~.- -~.' 
TABLE OF CONTENTS (CONTINUED) 
Page 
December 16, 1973 62 
January 12, 1974 62 
January 26, 1974 62 
February 9, 1974 62 
February 23, 1974 62 
March 19, 1974 62 
Section IV. Correlation Coefficients for Single Dimensioned or Non-Depth 
Parameters of Hyrum Reservoir 63 
Section V. Results from the little Bear River 63 
Water temperature 63 
Dissolved oxygen 63 
Total suspended solids 66 
pH . . . . . . 66 
Ammonium nitrogen 66 
Nitrite nitrogen . . 66 
Ni trate nitrogen 66 
Total unfiltered phosphorus 66 
Total filtered phosphorus 66 
Filtered orthophosphate phosphorus 66 
Inorganic filtered carbon 66 
Chlorophyll a .... 71 
Total bacterial plate count 71 
Total and fecal coliforms 71 
Section VI. Correlation Coefficients for Water Quality Parameters of the 
Little Bear River 71 
DISCUSSION OF RESULTS 75 
CONCLUSIONS 79 
Overall 79 
Algae 79 
Bacteria 79 
Nutrients 80 
LITERATURE CITED 81 
APPENDIXES 83 
Appendix A: Symbols and Notations 85 
Appendix B: Water Quality Data . . 86 
Appendix C: Example of Weighted Average Calculation . 127 
Appendix D: Correlation Coefficient Matrices 128 
Appendix E: Miscellaneous Information and Data for Hyrum Reservoir and 
the little Bear River . . . . . . . . . . . . .. 172 
vii 
LIST OF FIGURES 
Figure Page 
Map of Hyrum Reservoir showing sample sites and location of diffuser 8 
2 Three dimensional plots of temperature with depth for 1972-73 (a) and 
1973-74 (b) . . . . . . . . . . . . . . . . . . . . . . 12 
3 Three dimensional plots of dissolved oxygen with depth for 1972-73 (a) 
and 1973-74 (b) ....... . ... . ........ 13 
4 Three dimensional plots of total suspended solids with depth for 1972-73 
(a) and 1973-74 (b) ...... . ............ 15 
5 Three dimensional plots of ammonium nitrogen with depth for 1972-73 
(a) and 1973-74 (b) ................ .. 16 
6 Three dimensional plots of nitrite nitrogen with depth for 1972-73 (a) 
and 1973-74 (b) ........ ....... . ..... 18 
7 Three dimensional plots of nitrate nitrogen with depth for 1972-73 (a) 
and 1973-74 (b) ...... . .......... .. 20 
8 Three dimensional plots of total un·filtered phosphorus with .depth for 
1972-73 (a) and 1973-74 (b) ............. . 21 
9 Three dimensional plots of filtered o. :!1ophosphate phosphorus with 
depth for 1972-73 (a) and 1973-74 (b~.- ........ ... 23 
10 Three dimensional plots of total unfiltered carbon with depth for 
1972-73 (a) and 1973-74 (b) ................ 24 
11 Three dimensional plots of filtered inorganic carbon with depth for 
1972-73 (a) and 1973-74 (b) ............ . ... 25 
12 Three ,dimensional plots of chlorophyll a with depth for 1972-73 (a) 
and 1973-74 (b) ............ . ' . . . 26 
13 Vertical distribution of Aphanizomenon[los-aquae for August 30, 
1972 and August 28, 1973 . . . . . . . . . . . . . 30 
14 Vertical distribution of Stephanodiscus for January 27'- 1973, and 
February 23, 1974 . . . . . . . . . . . . . .. .... 30 
15 Percentage of heterocysts in Aphanizomenon [los-aquae cells for 
1972-73 (a) and 1973-74 (b) ........ . .. ... 31 
16 Three dimensiomil plots of total plate count bacteria with depth for 
1972-73 (a) and 1973-74 (b) ................ 32 
17 Vertical distribution of total plate count bacteria for August 2, 1972, 
and July 28, 1973 . . . . . . . . . . . . . . . . . . . . 33 
viii 
LIST OF FIGURES (CONTINUED) 
Figure Page 
18 Vertical distribution of total plate coun t bacteria for August 14, 1972, 
and August 15, 1973 . . . . . . . . . . . . . . . . . . . 33 
19 Vertical distribution of total plate count bacteria for August 30, 1972, 
and August 28,1973 . . . . . . . . . . . . . . .. . 34 
20 Vertical distribution of total plate count bacteria for September 13, 1972, 
and September 12, 1973 . . . . . . . . . . . . . .. . 34 
21 Vertical distribution of total plate count bacteria for January 6, 1973, 
and January 12, 1974 ............... .. 35 
22 Vertical distribution of total plate count bacteria for January 27, 1973, 
and January 26, 1974 .................. 35 
23 Three dimensional plots of zooplankton with depth for 1972-73 (a) and 
1973-74 (b) . . . . . . . . . . . . . . . . . .. .. 36 
24 Three dimensional plots of relative vertical illumination with depth for 
1972-73 (a) and 1973-74 (b) ......... 38 
25 The volume of Hyrum Reservoir for 1972-73 and 1973-74 40 
26 The average hydraulic residence time of Hyrum Reservoir for 1972-73 
and 1973-74 . . . . . . . . . . . ; . . . .. ... 40 
27 The weighted average water temperature of Hyrum Reservoir for 
1972-73andI973-74 . . . . . . . . . . . . . . . . 42 
28 The weighted average dissolved oxygen concentration in Hyrum Reservoir 
for 1972-73 and 1973-74 ............... . 42 
29 Weighted average total suspended solids concentration in Hyrum Reservoir 
for 1972-73 and 1973-74 .............. .' 43 
30 Weighted average total unfiltered phosphorus concentrations in Hyrum 
Reservoir for 1972-73 and 1973-74 . . . . . . . . . . 43 
31 Weighted average pH values of Hyrum Reservoir for 1972-73 and 
1973-74 . . . . . . . . . . . . . . . . . . . 44 
32 Weighted average inorganic filtered carbon concentrations in Hyrum 
Reservoir for 1972-73 and 1973-74 . . . . . . . . . .. .. 44 
33 Weighted average ammonium nitrogen concentration in Hyrum Reservoir 
for 1972-73 and 1973-74 ................. 45 
34 Weighted average nitrite nitrogen concentration in Hyrum Reservoir for 
1972-73 and 1973-74 ............... .. 45 
35 Weighted average nitrate nitrogen concentrations in Hyrum Reservoir 
for 1972-73 and 1973-74 ............. ... 47 
36 Weighted average total inorganic nitrogen concentrations in Hyrum 
Reservoir for 1972-73 and 1973-74 .............. 47 
ix 
II 
II 
LIST OF FIGURES (CONTINUED) 
Figure 
37 Weighted average total filtered phosphorus concentrations in Hyrum 
38 
39 
Reservoir for 1972-73 and 1973-74 ...... . 
Weighted average filtered orthophosphate phosphorus concentrations in 
Hyrum Reservoir for 1972-73 and 1973-74 
Grams of chlorophyll a per square meter in Hyrum Reservoir for 
1972-73 and 1973-74 
40 Average diversity index of the top 5 meters of Hyrum Reservoir for 
1972-73 and 1973-74 . . . . 
41 Weighted average total algal cell concentrations in Hyrum Reservoir 
for 1972-73 and 1973-74 . . . . 
42 Weighted average Aphanizomenon flos-aquae concentrations in Hyrum 
Reservoir for 1972-73 and 1973-74 
43 Weighted average total plate count bacterial concentrations in Hyrum 
Reservoir for 1972-73 and 1973-74 
44 Weighted average total pigmented plate count bacterial concentrations 
in Hyrum Reservoir for 1972-73 and 1973-74 
45 Percent pigmented bacterial concentrations in Hyrum Reservoir for 
1972-73 and 1973-74 
46 Secchi depths in Hyrum Reservoir for 1972-73 and 1973-74 
47 Total coliform concentrations in Hyrum Reservoir for 1972-73 and 
1973-74 . . . . . . .. 
48 Fecal coliform concentrations in Hyrum Reservoir for 1973-74 
49 Weighted average zooplankton concentrations in Hyrum Reservoir for 
1972-73 and 1973-74 . . . . 
50 light extinction coefficient, K e' of Hyrum Reservoir for 1972-73 
and 1973-74 ..... 
51 Water temperature of the little Bear River for 1973-74 
52 Dissolved oxygen concentration in the little Bear River for 1973-74 
53 Total suspended solids concentrations in the little Bear River for 1973-74 
54 pH values in the Little Bear River for 1973-74 
55 Ammonium nitrogen concentrations in the little Bear River for 1973-74 
56 Nitrite nitrogen concentrations in the Lttle Bear River for 1973-74 
57 Nitrate nitrogen concentrations in the little Bear River for 1973-74 
58 Total unfiltered phosphorus concentrations in the little Bear River 
Page 
48 
48 
49 
49 
51 
51 
52 
52 
53 
53 
54 
54 
55 
55 
65 
65 
67 
67 
68 
68 
69 
for 1973-74 . . . . ... 69 
x 
I 
-. , ...... 
LIST OF FIGURES (CONTINUED) 
Figur~ Page 
59 Total filtered phosphorus concentrations in the tittle Bear River 
for 1973-74 . . . . . . . . . 70 
60 Filtered orthophosphate phosphorus concentrations in the little Bear 
River for 1973-74 . . . . . . 70 
61 Inorganic filtered carbon concentrations in the tittle Bear River for 
1973-74 . . .. ..... 72 
62 Chlorophyll a concentrations in the little Bear River for 1973-74 72 
63 Total plate count bacterial concentrations in the little Bear River 
for 1973-74 . . . . . . . 73 
64 Total pigmented plate count bacterial concentrations in the little 
Bear River f-or 1973-74 73 
65 Total coliform concentrations in the Little Bear River for 1973-74 74 
66 Fecal coliform concentrations in the Little Bear River for 1973~ 74 74 
LIST OF TABLES 
Table Page 
Physical characteristics of Hyrum Reservoir 8 
2 Costs of installation and operation for the first year of de stratification , not 
including engineering design 9 
3 Methods and references for physical, chemical, and biological analysis 9 
4 Summarization of algal cell counts for 1972-73 28 
5 Summarization of algal cell counts for 1973-74 29 
6 Single dimensional parameters for Hyrum Reservoir, May 26,1972, through 
March 19, 1974 ..... ....... . 39 
.7 Summary of the single dimensioned or non-depth parameters, giving a range 
of concentrations for the various periods of the year . . 57 
8 Table showing approximate confidence limits for the popUlation correlation, 
given the sample number (m) and coefficient (r) ..... .. 58 
9 Chemical, physical, and biological parameters of the Little Bear River, 
April 28, 1973, through March 19, 1974 . 64 
xi 
I 
/ 
INTRODUCTION 
Nature of the Problem 
Artificial destratification is being increasingly 
used in attempts to improve water quality and 
control eutrophication. Most of the artificial de-
stratification efforts are being conducted by public 
water supply utilities in efforts to improve reservoir 
water quality for culinary purposes. At present, 
artificial de stratification is being conducted without a 
complete understanding of the process or its effects 
on the reservoir. Whether or not artificial destratifica-
tion can control algal growth and other microbial 
processes is a controversial question. The effect of 
artifical destratification on the microbial flora must 
be understood if it is to be used effectively as a 
management tool in the control of water quality. 
In recent years a blue-green algal bloom has 
developed during the summer in Hyrum Reservoir. 
The massive bloom of Aphanizomenon jlos-aquae 
presents esthetic problems to those using the reservoir 
for recreational purposes. These esthetic problems 
have reduced the use of the reservoir for swimming, 
water skiing, and fishing. It is believed that artificial 
de stratification, or the destruction of natural 
stratification obtained through diffused-air aeration, 
will improve the water quality of the reservoir. 
Objectives 
The overall purpose of this research can be 
stated as follows: 
1. To investigate and measure the effects of 
artificial de stratification on microbial 
populations and water quality for the 
entire year. 
2. To assess the use of artificial destratifica-
tion as a means of controlling eutrophic a-
t i on and managing reservoir water 
quality. 
The general objectives will be accomplished by 
making the following eterminations at frequent inter-
vals in a water column of the reservoir the year 
preceding and the year during artificial destratifica-
tion: 
1. Measure the concentration of dissolved 
oxygen and the temperature. 
2. 
3. 
4. 
5. 
6. 
Measure the nitrogen and phosphorus 
concentrations and relate these values to 
microbial activity. 
Determine algal and bacterial concentra-
tions. 
Determine total and inorganic carbon. 
Determine transparency using a Secchi 
disc. 
Determine the relative vertical 
illumination using a photoelectric cell. 
7. Determine chlorophyll a concentrations. 
8. Determine the total suspended solids. 

.. 
EUTROPHICATION AND THE ROLE OF DESTRATIFICATION IN 
POSSIBLY ELIMIN A TIN G ALGAL BLOOMS 
The Aphanizomenon bloom has not always 
been a problem in Hyrum Reservoir. Rich (1960) in 
his study of Hyrum Reservoir in 1958-1959 con-
cluded that Hyrum Reservoir was a marginal habitat 
for trout because of the anaerobic hypolimnion and 
warm epilimnion during the summer. He did not 
mention observing an algal bloom. However, the 
anaerobic hypolimnion indicated the presence of 
incipient severe water quality problems. 
County Commissioner Marion Olson (I 973) has 
said that algae were not a problem in Hyrum 
Reservoir before the 1960's. As the algal bloom 
created problems., more studies were conducted on 
the reservoir. Green (I 971) characterized Hyrum 
Reservoir as a highly eutrophic reservoir wiih an 
average total organic carbon concentration of 4.6 ± 
1.5 mg/I. Although the vertical distribution of the 
total organic carbon was monitored, no significant 
variation with depth was observed because of the 
insensitivity of the method. He observed the 
maximum bloom in September. Schmalz (1971) in 
his study of the distribution of phosphorus in the 
sediments found the high concentrations of 
phosphorus in the deeper part of the reservoir. He 
also concluded ~hat the phosphorus in Hyrum Reser-
voir sediments was predOminantly of the organic 
form. Murray (1972) found that prior to the fall 
over turn the highest concentrations of 
Aphanizomenon occurred at 5 meters, just above the 
thermocline . He concluded that the bloom occurred 
after the beginning of the fall overturn. During the 
peak of the bloom conditions the maximum con-
centration of Aphanizomenon was found at 1 meter. 
He found that the total coliform levels fluctuated 
between 0.3 and 6.9 per 100 rnl in the deeper 
portions of the reservoir during the period of study. 
Luce (1974) found that 61 percent of the 
dissolved phosphorus entering Hyrum Reservoir dur-
ing the spring, summer, or fall came from White's 
Trout Farm. He concluded that the major sink for 
phosphorus was the sediments. Hinshaw (1972) in his 
evaluation of White's fish hatchery discharges in-
dicated that there was deterioration of the water 
quality in the receiving waters. He also concluded 
that "the amount of food fed had little or no 
relationship with the eutrophication of the outfall 
waters." However, this conclusion was made without 
3 
monitoring the phosphorus concentrations of the fish 
food, influent, or effluent. 
Destratifica tion and the Control 
of Algal Blooms 
The literature on the effects of artificial de-
stratification has been growing rapidly in recent 
years. The American Water Works Association's com-
mittee on Quality Control in Reservoirs reported on 
37 reservoirs being destratified by water utilities 
(A WW A, 1971). This literature review is concerned 
with only those de stratification projects which 
pertain specifically to the research being conducted. 
Further information on the subject of artificial 
destratification and aeration can be found in a 
bibliography by Toetz et al. (1973). Whether or not 
artificial destratification can control algal growth is a 
question that has not yet been answered satis-
factorily. 
Many hypotheses have been advanced as to the 
reasons why artificial destratification might control 
algal growth. Horne (1974) has proposed that algal 
control is achieved because of light limiting condi-
tions. He believed that mixing prevented the algae 
from stratifying at optimum light levels thus causing a 
light limiting condition. Lorenzen and Mitchell 
(1973) believed that when an algal bloom has ·been 
controlled, a nutrient limited bloom was replaced by 
a light limited bloom. His theoretical development on 
the effects of artificial destratification on algal 
production in impoundments was based on the 
assumption that the algae were completely mixed 
throughout the impoundment. 
It has been suggested by Shapiro (I973) that 
the availabUity of carbon dioxide was important in 
de~ermining the qualitative nature of the algal popula-
tion. From the results of his experimen ts he con-
cluded that the addition of carbon dioxide and 
nutrients, or lowering of the pH, allowed the green 
algae to dominate over the blue-green algae. He then 
stated that artificial de stratification was analogous to 
addition of carbon dioxide and nutrients. 
Nutrient limitation from artificial destratifica-
tion has been suggested as a means of algal control. 
Porcella et al. (1972) predicted that aerobic condi-
tions in the hypolimnion would increase the rate of 
transfer of pho phorus to the sediments. 
Lee (I970) concl ded that the release of 
phosphorus from aerobic sediments was ess than the 
release from anaer bic sediments. In the studies from 
which the conclusions were drawn, the sediments in 
the water were completely mixed at all time ; this 
condition cannot be obtained in the Ie with 
artificial destratification. He conclude that the 
phosphorus was adsorbed on iron hydroxide precip-
itates and as iron became soluble under the anaerobic 
conditions the pho phorus was re eased. raetz et al. 
(1 973) in their study concluded that "in situ Eh 
measurements in sediment-water systems will give a 
reliable qualitative description of the overall oxidiz-
ing-reducing conditions in the system." In their lah 
studies they t und that when the overlying water 
were aerated the sediments remained in a highly 
reduced state except for a thin layer at the surface of 
the sediments. From their experiments they found 
inter titial ammoni m concentrations increased under 
aerated conditions. rom this they hypothesized that 
a barrier to ammonium movement developed at the 
sediment-water interface with aerobic conditions. 
Aphanizomenon is a blue-green alga whose 
growth has created bloom conditions for which 
control has been attempted with artificial destratifica-
tion. Horne et al. (1 972) in their studies on Clear 
Lake in California found a Significant relationship 
between the frequency of Aphanizomenon hetero-
cysts and nitrogen fixation. They found that nitroge 
fi xation wa most vigorous when heterocyst 
frequ ncy (n mb r/ ell) was in the range of 0.9 - .7 
percent. In studying the nitrogen fixation of the 
autumnal bloom of Anabaena, they concluded that 
nitrogen fixation occurred only when there were large 
numbers of heterocysts, relatively low concentrations 
of nitrate and ammonia, high concentrations of 
phosphate, and moderately high concentrations of 
dissolved organic nitrogen. 
Several destratification projects have attempted 
to control Aphanizomenon blooms. The New Hamp-
shire Water Supply and Pollution Control Com-
mission (NHWSPCC) has been de stratifying Kezar 
Lake since 1968 (NHWSPCC, 1970, 1971, 1972) in 
an attempt to control a "bloom of Aphanizomenon. 
The NHWSPCC installed a compressor system that 
pumped 100 cubic feet per minute continuously 
during the summer. They reported that the system 
was able to maintain a completely mixed lake with 
algal concentrations essentially the same top to 
bottom, as a result of the redistribution of the algae. 
The NHWSPCC considered the operation a success 
because of the improved clarity of the water. How-
ever, even with de stratification a massive fish kill is 
still observed annually on Lake Kezar. Haynes (I 97 1) 
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working in conjunction with the NHWSPCC on Lake 
Kezar found that both total and orthophosphate 
concentrations in eased with aeration. He reported 
aximum Aphanizomenon concentrations of 1.04 x 
106 cells per rnillihter be ore de a ification and a 
xim m of .3 2 106 ce s per milliliter during 
destratifi ation. Haynes reports that this reduction of 
algal concentration does not represent a reduction in 
t tal number of algae, but rather a redistribution of 
h algae. e~t atification produced a uniform 
ertical distribufon of algae and did not allow 
Aphanizomenon to stra ify and concentrate near the 
surface. This wa an example of "apparent" control 
of algae by ilution. 
Lackey (1973) in studying Parvin Lake ob-
served a decrease in the total phytoplankton popUla-
tion during destratification. He found that the greens 
and dia toms d crea ed while the bi e-greens increased 
and that destratification dur·ng the winter decreased 
the temperature 1 to 3 C and this may have 
suppressed the diatom population. He speculated that 
Aphanizomenon "is 0 e phytop anktonic species that 
is stimulated by lake destra ification ." 
While Aphanizomenon i ne algae that appears 
o be s · u a ed by de tratification, Oscillatoria 
popUlations seem to decline w·th dest ratification. 
Bernhard t (1967) and Weiss and Breedlove (1973) 
have reported ubstantial reduction of the Oscillatoria 
populafons, while Malueg et al. (1970) have reported 
reduction of Anabaena with artificial destratifica-
tion. 
Aquatic Bacteriology 
Enumeration of aquatic bacteria by any of the 
methods available can be described at best as approxi-
mations. Duetsch and Cook (1973) describe the 
results from the plating methods as an "estimate" 
because: 
(1) Not all the bacteria in a sample give rise to 
individual colonies, since a c Ion may arise 
from either the multiplication of a single 
organism 0 a group of ad erent ce s; (2) not 
all the bacteria in a sample will give rise to a 
colony or colonies because of nutritional or 
physico-chemical inadequacies of the medium, 
or nonoptimal incubation times or tempera-
tures; (3) since bacteria are unlikely to be 
homogeneously distributed in the original 
sample, or in dilutions thereof, no matter how 
much mixing is attempted, a perfec tly 
representative portion is unobtainable ; (4) tech-
nical errors in measuring and pipetting; in 
variations in the actual volume of diluent 
present in dilution blanks (9 ml or 99 ml are 
ordinarily used in decimal dilutions) and in 
their composition and temperature; in the 
temperature at which the molten agar is 
poured ; in the time and temperature of incuba-
tion ; and in the colony counting procedure 
itself, will all give rise to quantitative variations. 
They further state that the exposure of the bacteria 
to the heat of agar as used in pour plates can be 
eliminated by using "spreading plates," provided that 
the bacteria to be counted do not form spreading 
colonies. In any case the authors feel that the results 
should be expressed as colony-forming units per 
milliliter. Deutsch and Cook (1973) felt that "at best, 
present day techniques are expensive, cumbersome, 
time consuming, and error prone" and the plating 
method "is the best method available." 
Klien and Wu (1974) in comparing the pour 
plate with the spread plate method on aquatic 
bacteria found higher concentrations with the spread 
plates. From their results they concluded that "A 
warmed-agar pour plate procedure is not suitable for 
enumeration of heat-sensitive and possibly nutri-
tionally-stressed heterotrophic microorganisms found 
in aquatic environments." Jannasch and Jones (1959) 
compared five different ' cultural and two direct 
microscopic methods for estimating bacterial popula-
tions in sea water . Determinations made by the direct 
microscopic methods had 13 to 9,700 times as many 
bacteria when compared to the five different cultural 
methods. They also found a marked decrease in the 
5 
bacterial population just below the thermocline as 
determined by macro colony methods, but this 
phenomenon was not observed by direct microscopic 
methods. 
Research into the effects of artificial de-
stratification on the bacterial populations has been 
limited. Collins and Willoughby (1962) studied the 
effects of an experimental overturn on the distribu-
tion of bacteria and fungal spores. They found that 
before destratification a bacterial maximum occurred 
just above the thermocline. With destratification they 
found "A fairly even distribution throughout the 
profIle, but with a distinct indication of decreasing 
numbers with increasing depth ." During destratifica-
tion a sharp bacterial maximum was observed 
immediately following an extremely heavy rainfall. 
They concluded that the rapid increase in numbers of 
bacteria was due to the increase of particulate matter 
in the runoff. Laverty and Nielsen (1970) reported 
that there appeared to be no significant change in 
coliform density due to destratification. The Quality 
Control in Reservoirs Committee of the American 
Water Works Association (1971) emphasized the need 
for further study on the potential of artificial 
destratification to increase coliform popUlations. 
-- - ~ - -- -------------- ~ - --- - --
METHODS AND MATERIALS 
Reservoir Description 
Hyrum Reservoir is an irrigation supply reser-
voir having the characteristics listed in Table 1 and is 
located one mile southwest of the town of Hyrum 
(Figure 1) in northern Utah. The South Cache Valley 
Water Users Association operates the reservoir. 
Approximately 90 percent of the flow through the 
dam enters from the Little Bear River (Luce, 1974). 
The highest runoff recorded (l26 x 106 m3 ) occurred 
in 1972 (Table E-l in the appendix). In 1972 31.8 x 
106 m3 of water about 25 percent of the inflow was 
u'sed for irrigation (Hansen, 1972). Storage is 
facilitated by the use of 12-foot radial gates on the 
spillway. Storage begins during the runoff in mid 
May. The gates are closed and remain so until the 
water level drops below the crest of the spillway, 
usually in late August. Although the gates are closed 
during the summer, a small flow is maintained 
downstream from the dam. The reservoir then re-
mains at an essentially constant elevation from 
September through April. 
Destra tification 
The research period extended from May of 
1972 through April of 1974. The first year served as. a 
comparison with no artificial destratification. 
Artificial destratification began on June 1, 1973, with 
a gasoline powered air compressor which ran 16 hours 
per day until June 7, 1973, when the electric 
compressor was put into service. After June 7, 1973, 
the air compressor ran continuously through October 
15, 1973. The air compressor was out of service a 
total of 14 days for repairs and maintenance during 
that period. After October 15, 1973, the air compres-
sor ran 12 hours per day until January 1, 1974. The 
compressor was then out of service until March 11, 
1974. On March 11, 1974, the compressor was put 
back into service and operated for 16 hours per day 
for the remainder of the research period. 
The air compressor was located in a utility 
building 100 meters west of the dam (Figure 1). The 
compressor utilized 25 horsepower to produce 
0.0472 cubic meters per second (l00 C.F.M.). The air 
was carried 150 meters to the waters' edge by 5.08 
centimeter (2 inch) I.D. plastic pipe, while 2.54 
centimeter (l inch) I.D. rubber hose extended 120 
meters to the aerator. The rubber hose was anchored 
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every 2 meters with concrete blocks. The aerator 
consisted of 24.6 meters (80 feet) of 7.64 centimeter 
(3 inch) plastic pipe with 120 holes of 0.794 
millimeter (l/32 inch) diameter spaced at 20.3 
centimeters (8 inches). The aerator was qnchored by 
concrete blocks approximately 15.2 meters (50 feet) 
from the northeast" toe of the ft11 of the dam (Figure 
1). The total cost of the installation and one year of 
operation was $5,125 (Table 2). This figure does not 
include engineering design time. 
Sampling Frequency, Location 
and Methods 
A sampling program designed to determine the 
vertical distribution of various physical, chemical, and 
biological parameters (Table 3) was maintained at 
biweekly intervals throughout the two-year research 
period. The biweekly sampling period was not ex-
pected to detect all biological changes during the 
summer, but enough information was to be gathered 
to characterize the biological population and 
processes. The two-week time period was necessary 
for sample preparation and analysis. Vertical water 
samples were obtained at 1 meter depth intervals 
during the control years, except for the period of ice 
cover when samples were obtained at every other 
meter. After artificial destratification, samples were 
obtained at every other meter except near the surface 
and the bottom where sampling at every meter was 
continued. Two additional samples, from the bottom 
and from the influent stream were taken during the 
destratification period .. The water samples were ob-
tained with a 4 liter Kemmerer sampler at a site 
(Figure 1) approximately 200 meters from the 
. diffuser in the deepest portion of the lake. Sampling 
was conducted between 12:00 and 4:00 P.M. 
Bacteriological samples were taken with a 
specially designed bacteriological sampler (Drury, 
1973). It was necessary to design a sampler which 
would obtain a bacterial sample at a desired depth 
and be free from contamination. It was felt that the 
use of sterile syringes would provide the desired 
bacteriological sample. The bacteriological sampler 
was modeled after an interfacial sampler developed 
by Broenkow (1969). Four 60 ml syringes were 
mounted on the 3 meter sampler frame. The sampler 
utilized stretched latex rubber tubing to pull out the 
plunger of each syringe. The syringes were cocked at 
Table 1. Physical characteristics of Hyrum Reservoir. 
Hyrum Rese vo· r 
Storage Began 
Capac' y 
Max 'mum Le e 
At Spill ay 
Maximum Depth 
Ma i m vel 
At il way 
Surface Ar a 
Maximum Level 
At pOllway 
verage 
Maximum Level 
At Spillway 
Average Inflow 
Average Residence Time (Volume/A erage Inflow) 
aximum Level 
t °11 ay 
Watershe Are 
2" plastic 
compressor pipe 
build ing --...... ___ __ 
Scale : Icm = 150 meters 
193" 
23 . x 
16.4 x 
eters (~ 18 ,700 ac-ft) 
ters (~ 13,300 ac-ft) 
194 Hectares (~ 485 Acres) 
1 Hec are (~4 3 Acres) 
1 .9 M ers (~39 feet 
9.4 eters (~3 1 feet) 
80 x 106 Cubi Meters/Yr (65,000 ac-ft/yr) 
m 
Feed Lots 
Li tt le Bear River ) 
Hyrum Resevoir 
Li tie Bear River 
Figure 1. Map of Hyrum Reservoir showing sample sites and location of diffu r. 
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Table 2. Costs of installation and operation for the 
first year of destratification, not including 
engineering design. 
the surface and activated at the desired depth by a 
trip line from the surface. After collection, the 
samples were transferred to sterile dilution bottles for 
transportation to the laboratory. Possible sources of 
contamination inherent with the use of this sampler 
are from the passage of the syringe through the water 
in getting to the desired depth and from the 
nonsterile frame of the sampler. 
Budget 
Capital Expenses 
Compressor 
Rubber Hose 
Plastic Pipe & Fittings 
Electrical Equipment 
Miscellaneous Equipment 
Operational Expenses First Year 
Repair and Maintenance 
Electricity @ $.012/kw-hr 
Installation 
Backhoe 
$2700 
200 
200 
100 
100 
$3300 
$ 500 
500 
$1000 
Analytical Methods 
Labor (160 man hours @ $5.00/hr) 
$ 25 
800 
Using methods described in Table 3, 
transparency, relative vertical illumination, tempera-
ture, and dissolved oxygen were determined in the 
field. There are several sources for analytical 
methods. Usually methods from Standard Methods 
(APHA, 1971) were compared with those from EPA 
(1971). When occasional differences in technique 
were observed (and these were usually minor), the 
methods were modified so that EPA techniques were 
met and these were specified in an analytical 
procedures handbook (Cowan and Porcella, 1973). In 
the following ·discussion where Standard Methods are 
referenced, the above procedure was followed. Other Total 
$ 825 
$5125 
Table 3. Methods and references for physical, chemical, and biological analysis. 
Parameter 
Transparency 
Relative Vertical Illumination 
Temperature 
Dissolved Oxygen 
Total Suspended Solids 
pH 
Nitrogen 
Ammonia 
Nitrite 
Nitrate 
Phosphorus 
UnfIltered Total 
Filtered Total 
Filtered Ortho 
Carbon 
UnfIltered Total 
Filtered Total 
Filtered Inorganic 
Chlorophyll 
Algal Counts 
Bacterial Counts 
Plate Count 
Total Coliforms 
Fecal Coliforms 
Method 
Sec chi 
Submersible Photocell 
YSI Model 54 RC Oxygen Meter 
YSI Model 54 RC Oxygen Meter 
Standardized by Azide 
Modification' of Winkler 
Whatman GF /C Glass Fiber Filters 
Beckman Zeromatic II pH Meter 
Phenate Method 
Diazotization Method 
Cadmium Reduction Method 
Ascorbic Acid Method 
Ascorbic Acid Method 
Ascorbic Acid Method 
Reference 
Hutchinson (1957) 
Standard Methods (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
Beckman Model 915 Standard Methods (1971) 
Beckman Total Organic Carbon Analyzer Standard Methods (1971) 
Beckman Standard Methods (1971) 
Acetone Extraction Strickland and Parsons (1968) 
Sedgwick-Rafter Counting Chamber Standard Methods (1971) 
Surface Spreading Technique Utilizing 
Plate Count Agar Made with 75 
Percent Distilled Water"and 25 
Percent Hyrum Water 
Membrane Filter Technique 
Membrane Filter Technique 
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Post (1971) 
Standard Methods (1971) 
Standard Methods (1971) 
techniques from other references were utilized and 
these are referenced appropriately. Total suspended 
solids , pH, nitrogen, phosphorus, total and fecal 
coliforms, and algal counts were determined in 
accordance with tandard Method (APHA, 1971 ). 
Filtration for c emi al analysis was accomplished 
using glass fiber filters . Algal samples were preserved 
with an iodine-formalin-acetic acid solution (se 
Table E-2 of the appendix fo r exact composition of 
preservative) and counted later at a more convenien 
time. Identifications of genera were made on live 
samples with the assistance of Dr. Sam Rushforth 0 
Brigham Young University and Dr. Ray Lynn of Utah 
State University . 
A genera diversity index (D.I.) for the algal 
population was calculated using the following 
formula (Margalef, 1968): 
Diversity Index = - L Pi ~ Pi 
in which 
P. 
1 
~ 
N 
~ IN 
number of individuals in genera i 
total number of individuals 
No identification of species was attempted , but the 
calculated genera diversity index approached the 
species diversity index during the massive bloom 
conditions; during this time an essentially unialgal 
population was observed. Although the diversity 
index was calculated for all depths , the diversity 
index below 7 meters has little meaning because of 
the very small numbers of algae . 
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Chlorophyll a determinations were made using 
the t richromatic method of Strickland and Parsons 
(l 968). It should be realized that the trichromatic 
method ig ores pheophytin concentrations. In 
general, very littl pheophy in was found near the 
urface. At greater depths pheophytin made up the 
greater portion of the stated chlorophyll concentra-
tion. 
tal pI te count bacteria concentrations were 
determined using a surface spread plate method as 
described b Post (1971) and Sorokin and Kadota 
(1972) . The plate count agar u ed was made with 25 
pe cent Hy rum eservo·r water and 75 percent 
distilled water. The Hyrum Reservoir water was used 
to supply any micronutrient that might not otherwise 
be available in the plate count agar. Plates were 
incubated i the inver ed position for 7 days at 20 C. 
Incubation at 10 C for 14 days was experimented 
with, but no significant increased colony formation 
was bs rved . Total and fecal coliforms were deter-
mined using membrane filtra!" on techniques. Because 
of the limited volume (60 ml) of the sampler , 25 ml 
was generally the volume used to determine total and 
fecal coliforms. 
Zooplankton determinations were made by 
counting individuals on glass fiber filters after filter-
ing a known amount of water collected with the 
emmerer. No attempts were made to identify the 
zooplankton. Maximum and minimum air tempera-
tures were provid d by E. K. Israelsen of Hyrum, 
Utah. 
RESULTS 
In the first section of the results, the data from 
the two year study will be presented as vertical 
proftles in three dimensional graph form. Each 
parameter will be discussed individually and will be 
followed in time through the research period. In the 
second section of the results single dimensioned or 
non-depth parameters will be discussed. Data from 
the year of stratification and destratification will be 
plotted on the same graph and will allow comparisons 
to be made between the two years. In the third and 
fourth sections of the results the correlation co-
efficient matrix for the vertical profiles and single 
dimensioned parameters will be examined. In the 
fifth section the data obtained from the little Bear 
River will be presented. In the last section the 
correlation coefficient matrix will be examined for 
the little Bear River. 
Section I. Vertical Profiles 
Temperature 
From the vertical temperature profiles obtained 
during the first year of the study (Figure 2a) it can be 
seen that stratification was well established by May. 
During summer stratification a slight thermocline was 
generally found at a depth of 5 to 6 m, with 
, temperature decreasing 1.0 to 1.5 C from 5 to 6 m. 
The maximum surface temperature during the sum-
mer of 1972 was 22.5 C, which was observed on 
August 14. The maximum temperature at the bottom 
(17.5 C) was observed on August 30. The warm 
temperatures observed on the bottom and the slight 
thermocline that existed was thought to be caused by 
the withdrawal of irrigation waters taken from the 
bottom of the reservoir, thus removing the coldest 
waters from the reservoir. During August the dif-
ferences between the surface and bottom temperature 
were 6 to 8 C. According to Hansen (1972), 
approximately 31.8 x 106 cubic meters (~ 25,800 
ac-ft) of irrigation waters were removed from Hyrum 
Reservoir during the 1972 irrigation season. 
Fall destratification began with the big storm 
that occurred in the last week of August. Isothermal 
conditions were observed in October and were main-
tained until ice formation in December. Inverse 
stratification was observed during the winter under 
the ice. Minimum temperatures under the ice ranged 
from 0 C for the surface to 3.5 C on the bottom. The 
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winter of 1972-1973 was extremely cold and a 
maximum ice thickness of 56 centimeters was ob-
served. Because of the cold winter the spring thaw 
and overturn did not occur until April 14, 1973, at 
which time isothermal conditions again existed. 
Artificial destratification began on June 1, 
1973. By this date thermal stratification had been 
established (see Figure 2b). On May 30, 1973, the 
thermocline existed at 6 m with a 2 C temperature 
drop from 6 to 7 m. During the month of June 
destratification had the effect of raising the thermo-
cline to a depth between 3 and 4 m. Unusually hot 
weather during the first week in July created 
mechanical problems and the system was inoperative 
for 9 days for repairs during that period. The hot 
weather and the lack of destratification produced a 
maximum surface temperature of 23.5 C on July 12, 
1973. 
By the end of July, approximate isothermal 
conditions were obtained. The energy input of the 
destratification system was inadequate to produce 
complete isothermal conditions. Because the surface 
radiant energy was not completely dispersed in the 
system, a greater temperature gradient was observed 
near the surface than at other depths. Temperature 
differences of 2 to 4 C from surface to bottom were 
observed during August. These conditions were main-
tained until natural fall overturn occurred. Isothermal 
conditions then existed through November. 
On December 16, 1973, a slight inverse 
stratification was observed before ice formed . Ice 
formed on the reservoir during the last week in 
December and cold weather prevented operation of 
the air compressor until spring. Inverse stratification 
was maintained under the ice with a minimum 
temperature of 0 C at the surface and 2.4 C off the 
bottom. T4e maximum ice cover for the second year 
was 35 centimeters. Ice out and spring overturn 
occurred on March 17, 1974, producing isothermal 
conditions. 
Dissolved oxygen 
The dissolved oxygen (DO) profiles (see Figure 
3a) were typical for a eutrophic lake. During the year 
of stratification, 1973-1974, oxygen depletion of the 
hypolimnion began in June and continued through 
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Figure 2. Three dimensional plots of temperature with depth for 1972-73 (a) and 1973-74 (b). 
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Figure 3. Three dimensional plots of dissolved oxygen with depth for 1972-73 (a) and 1973-74 (b). 
July until a sharp oxycline developed in August. The 
oxycline coincided with the thermocline . On August 
2, 1972, the 5 and 6 m concentrations were 9.3 mg/l 
to 4.9 mg/l respectively. Although a sharp oxycline 
existed, the hypolimnion did not go completely 
anaerobic. A 3 meter layer of anaerobic waters off 
the bottom was noted on August 14, 1972. Other 
researchers, Green (1971) and Murray (I972) have 
reported more extensive anaerobic conditions in 
previous years. The withdrawal of irrigation waters 
from the bottom probably kept the hypolimnion 
from going completely anaerobic. Epilimnetic DO 
concentrations during the summer were greater than 
saturation levels except on July 19 , 1972 , at 4 and 5 
m. The maximum DO concentration in the 
epilimnion of 9.7 mg/l was observed on August 2, 
1972. 
With the fall overturn the DO increased, and by 
October, essentially homogeneous conditions existed 
throughout the reservoir. As the waters cooled, the 
DO increased. After formation of ice cover in 
December , oxygen depletion off the bottom was 
noted. By February, an algal bloom formed just 
under the ice and a maximum DO concentration of 
21.2 mg/l was observed on February 24, 1973. At 
this time small gas bubbles were observed forming 
after a hole was cut into the ice. It was believed that 
the small bubbles were oxygen gas coming out of 
solution once the waters were exposed to the 
atmosphere. In March the DO maximum dissipated 
and the DO concentration decreased with depth 
exhibiting benthic demands even though tempera-
tures were about 4 C in the bottom waters. The 
spring thaw and overturn in April produced com-
pletely mixed conditions followed by the DO being 
redistributed throughout the reservoir. 
- . Even though artificial destratification began on 
June 1,1973, the DO proflies (Figure 3b) for June 
and July did not appreciably differ from the previous 
year. However, the DO concentrations had increased 
conSiderably by August. The DO concentration at 17 
m on August 15 , 1973, was 4.l mg/l , while in 1972 
anaerobic conditions existed at the same time and 
depth. The extensive Aphanizomenon bloom also 
produced increased DO concentrations in the 
epilimnion, a maximum concentration of 12.5 mg/1 
was observed on August 15, 1973. After the natural 
fall overturn, the DO was again redistributed through-
out the reservoir and no_ differences existed between 
the two years because they both were naturally 
destratified. The DO proflie under the ice the second 
year was similar to the first year. DO depletion was 
observed near the bottom and a DO maximum of 
18.7 mg/l was observed just under the ice on 
February 23, 1974. The spring thaw and overturn in 
March again produced homogeneous conditions. 
. - - - - .. 
14 
pH 
For the two year research period, the vertical 
distribution of pH was uniform. Because of the lack 
of variation with depth the changes of pH with time 
will be discussed later with the single dimensioned or 
non-depth parameters . 
Total suspended solids 
The overall characteristic of the vertical profIles 
(F gure 4a) of total suspended solids (TSS) was that it 
increased with depth. In June of the first year, the 
TSS were considered low with concentrations of 1-4 
mg/l in the epilimnion. The TSS increased until the 
development of the annual blue-green algal bloom 
and the fall overturn. A maximum TSS concentration 
in the epilimnion of 13.1 mg/l was observed on 
September 13 , 1972, following the algal bloom. The 
TSS remained high through the months of October 
and November. However, with ;ce formation, the 
suspended solids concentration dropped signifi-
cantly. The vertical profile changed somewhat as 
higher suspended solids were observed just under the 
ice during a winter algal bloom. The TSS remained 
low (1 -2 mg/l) throughout the winter increasing 
significantly at the lower depths. The spring overturn 
of 1973 raised the TSS concentrations to 12-17 mg/I. 
As summer approached the TSS concentrations grad-
ually decreased . 
The TSS concentrations continued to decrease 
even though the process of artificial destratification 
(Figure 4b) was obviously resuspending solids from 
the sediments . The minimum concentration was 
observed during a three week period in June. The 
maximum TSS concentrations in the epilimnion at 
18 .6 mg/l was observed on August 15, 1973, during 
the algal bloom. During the period of the algal bloom, 
the TSS concentration did not increase with depth in 
the epilimnion. The concentration of TSS remained 
high during the fall with concentrations of 7 -10 mg/l 
common. After ice formed, the TSS decreased to 2-4 
mg/I. On February 23, 1974, increased TSS concen-
trations of 4.7 mg/l were found just under the ice. 
The spring overturn in 1974 caused the highest 
concentrations (25-35 mg/I) found in the reservoir 
during the research period. 
Ammonium nitrogen 
The ammonium (NH4 -N) concentrations for 
June of the first year (Figure Sa) were uniformly 
distributed with concentrations ranging from 30-50 
J.l gil. The July sampling showed an increase in the 
NH4 -N concentrations with the appearance of an 
NH4 -N maximum occurring below the thermocline in 
the hypolimnion. Looking more closely at the sample 
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Figure 4. Three dimensional plots of total suspended solids with depth for 1972-73 (a) and 1973-74 (b). 
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Figure S. Three dimensional plots of ammonium nitrogen with depth for 1972-73 (a) and 1973-74 (b). 
results from July 5, 1972, it was observed that 
NH4 -N decreased from 84.4 J1g/1 at 1 m to 52.3 J1 gil 
at 5 m. Then the NH4-N increased with depth until a 
maximum of 154 J1g/1 was found at 9 m. The 
concentration then decreased until 13 m was reached. 
The NH4-N concentration from 13-19 m were uni-
formly distributed with concentrations of 50-60 J1g/l. 
The NH 4-N then increased to 122 J1g/1 just off the 
bottom. The July 19, 1972 distribution was similar 
with a maximum of 160 pg/l again occurring at 9 m. 
The NH4-N maximum was not observed during 
August. The August distribution was uniform, but the 
concentrations of 25-35 J1 gil were lower than the 
preceding month. 
As the reservoir overturned the NH4-N concen-
tration increased. The distribution was relatively 
uniform with increased concentrations off the bot-
tom. NH4-N concentrations of 100-200 J1g/1 were 
observed from October through January 6, 1973. A . 
marked reduction was observed on January 27, 1973, 
with a maximum of 92.7 J1 gIl at 5 ' m. For the 
remainder of the winter the vertical profIle was 
typified by higher concentrat'ions just under the ice 
and off the bottom with a uniform distribution 
between. The lowest NH4-N concentration of 2.9 
J1 gil was observed at 13 m on March 27, 1973. The 
spring overturn produced a uniform distribution of 
NH4-N of approximately 50 J1g/l. Uniform distri-
bution with an increase just off the bottom existed 
through May. 
Even though artificial destratification began 
June 1, 1973, the NH4 -N concentratioJls still reached 
a low in June as they had the previous year (Figure 
5b). A low concentration of 17.2 J1g/l was observed 
at 3 m on June 9, 1973. The NH4 -N increased in 
concentration for sample dates June 22 and July 12, 
1973. The vertical distribution for July 1973 was 
similar to the previous year. Although the maximums 
were present they were not as defined as had been 
observed in the previous year. The vertical profiles in 
August showed that NH4 -N essentially increased with 
depth. The Aphanizomenon bloom reduced the 
NH4-N concentrations in the upper water producing 
the distribution. The NH4 -N concentrations reached a 
low on August 28, 1973, coinciding with the 
maximum Aphanizomenon populations. The 
minimum concentrations , of 23.6 J1 g/l were not as 
low as the minimum in June but did represent a 
substantial reduction below that observed for previ-
ous months. 
With the fall overturn the NH4 -N con- ' 
centrations increased. From September 29, 1973, 
until ice formation, the vertical distribution was 
generally uniform with increased concentration found 
near the bottom. The overall concentrations increased 
until ice formation. Once ice formed, the NH4-N 
concentrations decreased. The vertical distributions 
17 
under the ice had lesser concentrations just under the 
ice and increased slightly with depth. The minimum 
winter concentration of 20.6 J1g/1 was observed at 1 
m on February 23,1974. The 1974 spring thaw and 
overturn produced an essentially uniform distribution 
with concentrations of 120-140 J1g/l. 
Nitrite nitrogen 
The vertical profIles of nitrite nitroge,n (N02 -N) 
for the first year of the study (Figure 6a) were similar 
to the NH4 -N profIles (Figure Sa). N02 -N maximums 
were observed on July 5, July 19, and August 2, 
1972. Looking more closely at the July 19, 1972, 
distribution, it was found that the epilimnion had a 
uniform concentration of 15-16 J1g/l. Once the 
thermocline was reached the concentration of N02 -N 
increased to 68.7 J1g/l at 11 m. From the maximum 
hypolirnnetic concentration of 68.7 J1 g/l at 11 m the 
N02 -N concentration dropped to 11.5 J1g/1 at 12 m. 
The distribution was uniform through 19 m with 
concentrations of 3-7 J1g/l. 'The N02 -N then in-
creased to 16.4 J1g/1 just off the bottom. By August 
14, 1972, the N02-N maximum was no longer 
observed but a reduction in the concentration to 4-6 
J1 gil just off the bottom was observed in August. 
The vertical distributions became uniform in 
September and October with concentrations of 19-25 
J1 gil. As winter progressed the vertical distributions 
remained uniform but the concentrations decreased. 
In the N02 -N distributions of February and March 
the higher concentrations were found just under the 
ice and just off the bottom, between the two depths, 
a . very low but uniform distribution was found. The 
lowest concentration of the study, less than .1 . J1g/l 
was observed on March 10, 1973. The N02-N 
concentrations only slightly increased with the spring 
overturn. 
The concentrations increased in May with the 
May 12, 1973, vertical profile showing an · increase 
with depth and May 30, 1973, a decrease with depth 
(Figure 6b). Artificial destratification during 
1973-1974 produced uniform distributions of 
N02 -N. No N02 -N maximums were observed, but 
slight increases in nitrite concentrations just off the 
bottom were noted. As with the NH4-N, the N02-N 
concentrations on June 9, 1973, were low (4-5 J1g/l). 
The nitrite increased until a maximum concentration 
for the second year of 27.6 J1 gil was reached on July 
28, 1973. The concentrations of the upper waters 
decreased slightly with the occurrence of the Apha-
nizomenon bloom. 
The fall overturn produced increased concentra-
tions for September and October. After the Novem-
ber 3, 1973, sample date, the N02 -N concentrations 
decreased until ice formation. Under the ice a 
constant and uniform concentration of 8-12 J1 g/l was 
-00 
a 
b 
I 10 
~ II 
; 12 
; 13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
10 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
APR MAY 
- .~ - --- - --~~'!. 
~ it 
1972 -73 
JUN JUL AUG SEP OCT NOV 
'- _ ~N 
~ 
1111 :)] ''hn' ~. 'l' It 1 11 1 I j : 
'\ l'>l li I 1: 
I 1\ (i \j I J ! j 
I 
Irru- w.. t \ ,~ t ! ! ( l I ! J ~ ! I r [ [U '" t , ' l' t \ I "~ 1 . : I \ \ [-~~~~ .~ - : 
1973- 74 
JU L AUG SEP OCT 
1' '{'1 \nn II 
1 \ 11 ', 
I 
. j i : I
l i 1\ ' I 1 . ~ II i1; ~- 1 , ~ 
NOV 
1- ) 
I 1 
t i \ i 
1 i 
I i 
, \l ' 
~ 
DEC JAN FEB MAR 
'-...;0 
1 ~ f i r" ............ <'O~::;'.~' '" 
30 ~OCt,., 
I ' '\> ~-z 
J • " 
I, Ii r. 
I , , I 
I I 
1 [ 
, 
r Ii .': 
l' l I I 1' 1 i II I , ~ I: f L' . . "" 
DEC JAN FEB MAR 
!: I', rnl? 
I j i l l I I 1 I. n 
-. '~'~': .. 
\ ~~ 
! I 
I j , I I j I . 
, I 
I i , ! I , I . 
I . ' i' I . 
, \ 
I + ; I ! • 
I I l ' I , I T I 
'0 j • .J 
I I 
G 
Figure 6, Three dimensional plots of nitrite nitrogen with depth for 1972-73 (a) and 1973-74 (b). 
maintained throughout the winter. This winter con-
centration was considerably higher than the previous 
year. The 1974 spring thaw and overturn did not 
increase the N02-N concentration. 
Nitrate nitrogen 
The vertical distribution of nitrate nitrogen 
(NOa -N) was uniformly distributed (Figure 7a) for 
the most part of the study. However, during periods 
of algal activity substantially lower concentrations 
were found in the epilimnion. Such were the vertical 
profiles for the summer of 1972, with concentrations 
of 400-700 p. g/l being common. An interesting 
development that occurred in August of 1972 was the 
decrease of N03 -N just off the bottom. A low 
concentration of 31.9 p.g/l was observed on August 
14, 1972, at 19 m. It was believed that the anaerobic 
conditions that existed just off the bottom during 
August produced an environment suitable for 
denitrification. The low concentration in the 
epilimnion of the summer of 1972 was 173 p.g/l and 
was observed on August 2, 1972, at 3 m. 
The fall overturn produced a uniform distribu-
tion of N03 -N . A gradual increase in concentration 
through winter was observed while maintaining the 
uniform distribution. The algal bloom under the ice 
did produce lower concentrations in the upper few 
meters. An example would be the February 10, 1973 , 
sample date when 292 p.g/l was observed at 1 m and 
536 p.g/l was observed at 3 m. The spring thaw and 
overturn produced the uniform distribution that was 
present during April. 
The vertical profiles during the year of de-
stratification (Figure 7b) were essentially the same as 
the previous year except that the dramatic drop in 
concentration off the bottom in August was not 
present and the increase in Aphanizomenon bloom 
decreased N03 -N concentration to lower levels than 
was observed the year before. The low concentration 
during the summer of 1973 was 143 p. gil and this 
was observed on August 28 at 2 m. It coincided 
exactly with the maximum concentration of 
Aphanizomenon. The effect of the Aphanizomenon 
bloom was to drop the overall concentration of 
N03 -N throughout the depths of the reservoir. 
With the fall overturn uniform conditions were 
again produced and the overall N03 -N concentrations 
began to increase. The overall increase continued 
through the winter with a decrease in vertical 
concentrations noted just beneath the ice. The profile 
for February showed a low of 397 p. gil at 1 m and 
676 p.g/l at 2 m. The 1974 spring thaw and overturn 
produced uniform concentrations of 600-700 p. gil. 
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Total unfiltered phosphorus 
The vertical profiles of total unfiltered 
phosphorus (TUP) can be seen in Figure 8. Due to 
analytical problems much of the TUP data is missing. 
On June 22, 1972, the concentration at 1 m was 10.4 
p. g/l. This was the lowest concentration of TUP 
found during the two year study. The concentrations 
at the other depths were also quite low. The upper 12 
m had concentrations of 10-30 p. gil , while the 
concentration just off the bottom was 112 p.g/l. 
Throughout the summer the vertical profiles showed 
that the TUP increased with depth. On August 14, 
1972, a maximum concentration of 117 p.g/l was 
found at 2 m, however once the thermocline was 
reached the TUP concentrations increased with 
depth. Concentrations of 150-300 p.g/l were found 
near the bottom. 
By September the fall overturn resulted in a 
uniform distribution of TUP with a slight increase off 
the bottom. This vertical distribution was maintained 
through the fall . By November 17, 1972, TUP 
concentrations of 80-100 p.g/l and higher were 
common. Analytical difficulties arose and data were 
not obtained during the winter months. 
The spring overturn produced a vertical 
distribution that had concentrations of 200 p.g/l in 
the upper 5 m and 100-140 p.g/l down to the 
bottom, probably from suspended sediments from 
the lake bottom caused by turbulence from overturn. 
Again increased values were found just off the 
bottom. The TUP concentrations decreased through 
May and by July 28, 1973, had established a vertical 
profile where concentrations increased with depth. 
During this period 30-60 p. gil were common in the 
upper 5 m and over 100 p.g/l were found near the 
sediments. On August 15, 1973, with the dense 
Aphanizomenon bloom near the surface, the TUP 
concentrations decreased with depth to 5 m. The 
concentration was uniform from 5 m down to 17 m 
where TUP increased as the bottom was approached. 
The concentration at 1 m was 120 p.g/l and the 
concentration at 18 m was 134 p. gil, for August 15, 
1973. 
With fall overturn, a uniform distribution of 
80-120 p.g/l was observed on September 12, 1973. 
Extremely large concentrations of TUP were observed 
on September 29, 1973. A concentration of 988 p.g/l 
was recorded at 1 m. During October, November, and 
December a uniform distribution was maintained 
with concentrations of 80-200 p.g/l common. A 
uniform distribution was observed during the winter 
under the ice. Concentrations of 60-100 p.g/l were 
common. Slightly higher concentrations of TUP were 
found just under the :ce, due to the increased number 
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Figure 7. Three dimensional plots of nitrate nitrogen with depth for 1972-73 (a) and 1973-74 (b). 
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Figure 8. Three dimensional plots of total unfiltered phosphorus with depth for 1972-73 (a) and 1973-74 (b). 
of algae found there. The 1974 spring overturn 
produced a uniform distribution of 120-140 J1.g/l. 
Total filtered phosphorus 
The dat fo the total ftltered phosphorus 
(TFP) appear in Tables B-1 through B-4 of the 
appendix. The data were scattered and will not be 
discussed at this point. The TFP and the dissolved 
organic phosphorus will be considered with the single 
dimensioned or non-depth parameters. 
Filtered orthophosphate phosphorus 
The vertical profiles of the concentrations f 
orthophosphate phosphorus (P04-P) like the total 
unftltered phosphorus, increased with depth (Figure 
9a) except during the spring and fall overturn. The 
first year, the P04 -P concentrations were very low 
following the annual late spring runoff. On June 22, 
1972, the P04 -P concentrations were less than 1 J1. g/l 
near the surface and 70-100 J1.g/1 off the bottom. 
This type of vertical distribution and magnitude of 
P04 -P was common through August . By August 14, 
1972, the P04 -P had been depleted by a mixed 
population of algae to the point that only 1 J1.g/1 was 
ob erved from 1 to 8 m. This reduction of P04-P 
levels had ' occurred before the annual 
Aphanizomenon bloom. By August 30 , 1972, the 
thermocline had lowered and the start of the fall 
overturn increased the P04 -P concentrations. The 
Aphanizomenon bloom occurred after increases in 
P04 -P were noted. The higher concentrations near 
the surface on September 13, 1972 , were believed to 
be the result of the decomposition of 1-h e 
Aphanizomenon bloom after it had floated to the 
surface. 
With fall overturn the P04 -P concentrations 
continued to increase and maintained a uniform 
distribution through ice formation in December. 
During this period concentrations of 30-40 J1. gil were 
common. Under the ice the vertical distribution of 
P04 -P once again increased with depth . Although the 
winter algal flora did not deplete the P04 -P as 
dramatically as the summer flora, a winter minimum 
P04 -P concentration of 6.6 J1. gil was observed at 1 m 
in February. The following sample date, February 24 , 
1973, the P04-P concentrations had increased to 27.3 
J1.g/1 as the algal bloom dissipated. The 1973 spring 
overturn resulted in uniform concentrations of 
approximately 25 J1.g/1 with a slight increase to 60 
J1. gil off the bottom. By May 30, 1973, before 
destratification had begun, a reduction of the P04 -P 
in the epilimnion was observed. 
In general , the P04 -P concentrations were 
lower (2-20 J1. g/l) in the upper waters and higher 
(50-80 J1.g/I) in the bottom waters during the summer 
of destratification than the summer of stratification 
22 
(Figure 9b). The vertical distribution which increased 
with depth was observed throughout the summer 
with the P0 4 -P concentrations decreasing as the algae 
depleted the available supply . 
With the beginning of the fall overturn, the 
P0 4 -P concen ration increased until a uniform 
distribution of P04 -P was observed in October. 
Thro gh ice formation in December the uniform 
·str"bution was maintai ed and P04 -P concentra-
tion in reased . The observed concentration of 25-40 
J1.g/l for this period was the same as was observed 
during the previous year. A reduction of the P04 -P 
levels was observed under the ice. A minimum 
co ce tratio of 11.3 J1. gil was observed at 1 m on 
February 23 , 1974. The 1974 spring thaw and 
overturn then produced uniform P04 -P concentra-
tions of approximately 40 J1. gil. 
Carbon 
The vertical profiles of the total unftltered 
carbon (TUC) are presented in Figure 10. Because of 
the very high concentrations of inorganic carbon in 
the waters being studied , the organic carbon makes 
up a very low percentage of the total unfiltered 
carbon. Because of the high concentrations of in-
organic carbon and the insensitivity of the Beckman 
total organic carbon analyzer, total unfiltered carbon, 
total ftltered carbons, and total organic carbon will 
not be discussed in detail. The aforementioned data 
are availab e . n Appendix B. 
Inorganic dtered carbon 
The con ntrations of inorganic ftltered carbon 
(IFC) were uniformly distributed with depth (Figure 
11) except for the summer during stratification. 
During the first summer 5-10 mg/ilower concentra-
tions were found in the epilimnion than in the 
hypolimnion . An example of this would be on July 
19, 1972, when concentrations of 45-47 mg/l were 
observed in the epilimnion and concentrations of 
54-55 mg/l were observed in the hypolimnion. The 
1972 fall overturn brought a out a uniform vertical. 
distribution which was observed for the remainder of 
the research period. It should be noted that large 
amounts of data were not available because of 
analytical difficulties. Because of the three dimen-
sional graph, variations of IFC with time are not 
readily apparent. These variations become more 
apparent when weighted averages are considered and 
further discussion on this parameter may be found in 
the section on weighted average concentrations. 
Chlorophyll a 
The vertical proftles (Figure l2a) of the 
chlorophyll a concentrations showed low concentra-
tions of 1-4 J1.g/l in the epilimnion during the summer 
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Figure 9. Three dimensional plots of filtered orthophosphate phosphorus with depth for 1972-73 (a) and 1973-74 (b). 
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of stratification. The large concentrations just off the 
bottom showed algal decomposition in the sediments 
and was probably pheophytin, the decomposition 
product of chlorophyll (subsequent analysis of water 
samples for pheophytin indicated that this was the 
case). The Aphanizomenon bloom produced the 
highest chlorophyll a concentration observed during 
the summer of the first year. The maximum 
chlorophyll a concentration of 8.5 Jlg/l was observed 
at 3 m on September 13, 1972. 
The Aphanizomenon bloom dissipated in 
September and low chlorophyll a concentrations of 
1-2 Jlg/l were observed then until ice formation in 
December. In the winter higher concentrations of 
chlorophyll a were found just under the ice as algal 
numbers increased. A winter maximum chlorophyll a 
concentration of 7.9 Jlg/l was observed at 1 m on 
January 27, 1973. By February the bloom had 
dissipated and low chlorophyll a concentrations of 
1-2 Jlg/l were observed through March. The relatively 
uniform distribution of 8-9 Jl g/l of chlorophyll a on 
April 17, 1973, was due to the widespread distribu-
tion of a winter population of Stephanodiscus caused 
by the spring overturn. For the remainder of April 
and May, very low concentrations of 1-3 Jlg/l were 
observed. But, by May 30, 1973, the chlorophyll a 
levels had increased to 7-9 Jlg/l in the epilimnion. 
After destratification had begun, the 
chlorophyll a concentrations decreased apparently 
because of predation of algae by zooplankton (Figure 
12b). By July 28, 1973 Aphanizomenon had 
appeared and an increase of chlorophyll a in the 
epilimnion to 9-15 Jl g/l was noted. The chlorophyll a 
concentrations continued to increase as the 
Aphanizomenon bloom developed. On August 1 S, 
1973, a maximum concentration of 62.9 Jlg/l was 
observed at 2 m. On August 28, 1973, the maximum 
chlorophyll a concentration of 102 Jl g/l was observed 
at 2 m. This chlorophyll a concentration was the 
highest value observed over the entire research period. 
The algal bloom and the chlorophyll a con-
centrations declined in September. Chlorophyll a 
concentrations of 2-6 Jl g/l were . then observed 
through ice formation in December. The algal bloom 
just under the ice produced high chlorophyll a 
concentrations. A winter maximum chlorophyll a 
concentration of 39.4 Jlg/l was observed at 1 m on 
February 23, 1974. The vertical profile shows the 
winter chlorophyll a concentrations dropping off 
rapidly with depth. The winter algal bloom then 
dissipated and chlorophyll a levels decreased with the 
spring thaw and overturn. 
Algae 
The algal concentrations have been compiled 
and are on me at the Utah Water Research Labora-
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tory. A total of 28 genera were identified and 
counted and have been summarized in Tables 4 and 5. 
The algal populations were determined with depth to 
see the effects of artificial destratification on the 
vertical distribution. Five specific time intervals were 
defined for conditions typifying seasonal occurrences 
in Hyrum Reservoir. Although the five intervals are 
similar in type for the two years of the study, the 
exact dates of the intervals vary slightly. Sig-
nificantly, Aphanizomenon was observed only during 
the summer and fall intervals but not during winter 
and spring (Tables 4 and 5). In general, no significant 
algal populations occurred below 5 m, except during 
the . spring and fall overturns and during the 
Aphanizomenon bloom of the destratified year. 
Although an increase of Aphanizomenon was noted 
at deeper depths after destratification, it could not be 
determined if it was due to the physical mixing 
process of artificial de stratification or due to the 
sheer increase in concentration of Aphanizomenon. 
Aphanizomenon was by far the most numerous alga 
present. It was found in the flake, "rafted" or 
colonial form, which broke up into trichomes upon 
preservation. Cell concentrations for Aphanizomenon 
were determined by counting trichomes and then 
multiplying by the average cells per trichome. The 
mean number of cells per trichome was 22. Haynes 
(1971) in his research determined a mean of 25 cells 
per trichome. 
Algal concentrations were determined begin-
ning May 26, 1972. At his time the algal population 
was dominated by Chlamydomonas with 
Cryptomonas and Fragillaria making up a significant 
portion. In June the algal population decreased as 
zooplankton populations increased. The algal popula-
tions remained low through the first week in July. By 
July 19, 1972, the algal populations began to 
increase. At this time the algal .population was 
dominated by Chlamydomonas, Oocystis, Plank-
tosphaeria, Fragillarla, and Aphanizomenon which 
had made its first appearance. The increase in the 
algal population continued through August. On 
August 14, 1972, the algal cell counts were 
dominated by Merismdpedia with Aphanizomenon, 
Oocystis, Chlamydomonas, and Planktosphaeria being 
found in significant numbers. 
The beginning of the annual Aphanizomenon 
bloom was noted on August 30, 1972, after the start 
of the fall overturn. The maximum Aphanizomenon 
concentration of 87,600 cells/ml was observed at 5 m 
(Figure 13). This high concentration of 
Aphanizomenon just above the thermocline was also 
observed by Murray (1972) in 1971. The concentra-
tion of 87,600 cells/ml observed at 5 m was the 
highest concentration of Aphanizomenon found dur-
ing the first year of the study. By the first week in 
September a substantial quantity of Aphanizomenon 
was visually apparent at the surface. Although the 
highest cell concentration was observed on August 
30, 1972, the total number of Aphanizomenon 
present (Figure 13) was greater on September 13, 
1972. The Aphanizomenon bloom dissipated through 
October and by November 3, 1972, the algal concen-
trations reached very low levels. 
The small algal population was dominated at 
this time by Chlamydomonas and was marked by the 
Table 4. Summarization of algal cell coun ts for 1972-73. 
appearance of Stephanodiscus, which later would 
become the dominant alga under the ice. From the 
low concentrations observed in November, the algal 
concentrations slowly increased until a bloom just 
under the 'ce was observed on January 27, 1973. At 
this time the population was dominated by Steph-
anodiscus and Chlamydomonas. The January 27, 
1973, vertical profile (Figure 14) for Stephanodiscus 
showed the aximum cell concentrations of 14,900 
Summer A.f bloom 
1972-73 
Fall Ice Cover Spring 
5/26/72 8/30/72 10/1 8/72 12/30/72 4/17/73 
8/14/72 9 /29 /72 11 /17/72 3/27/73 5/30/73 
Chlorophyceae 
Ankistrodesmus Minor Trace Trace Trace Trace 
Chlamy domonas Major Minor Major Major Major 
Oosterium N.O. Trace Trace N.O. N.O. 
Golenkinia N.O. N.O. N.O. N.O. N.O. 
Kirchneriella N.O . Minor N.O. N.O. N.O. 
Oocystis Major Trace N.O. N.O. N.O. 
Pediastrum Trace N.O. N.O. N.O. N.O. 
Phaco tus Trace N.O. N.O. N.O . Trace 
Plank tosphaeria Major Trace Trace Trace Trace 
Schoderia Minor Trace Trace N.O. Trace 
Selenastrom Trace Trace Trace · N.O. Trace 
Sphaerocy stis Minor N.O. N.O. N.O. N.O. 
Euglenophyceae 
Trachelamonas Trace N.O. Trace Trace Minor 
Dinophyceae 
Cera tium Trace Trace N.O. N.O. N.O. 
Gymnodinium Trace N.O. N.O. N.O. N.O. 
Cryptophyceae 
Cryptomonas Minor Trace Minor Minor Minor 
Chry sOTJhvceae 
Dinobryon Minor Minor N.O. N.O. N.O. 
Mallomonas Trace Trace Trace Trace Trace 
Bacillariophyceae 
Asterionella Minor Trace Minor Minor Minor 
. Fragi llaria . Minor N.O. N.O. N.O. N.O. 
Melosira Trace Trace N.O. N.O. Trace 
Navicula Trace Trace Trace Trace Trace 
Rhopalodia Trace Trace Trace N.O. N.O. 
Stephanodiscus I N.O. Trace Trace N.O. N.O. 
Stephanodiscus II N.O. Trace Major Major Major 
Myxophyceae 
Aphanizomenon Minor Major Major N.O. N.O. 
Merismopedia Major Minor N.O. N.O. N.O. 
Microcy stis N.O. N.O. N.O. N.O. N.O. 
Major - > 20% of total algal cell counts 
Minor - 1-20% of total algal cell counts 
Trace - < 1% of total algal cell counts 
N.O. - not observed 
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cells/ml occurred at 2 m, with concentration drop-
ping rapidly with depth. For the remaining period of 
ice cover the algal populations decreased. Immedi-
ately after the spring overturn an increase in the 
Stephanodiscus concentration was observed. It was 
uniformly distributed down to a depth of 13 m. The 
algal population ,declined through May. A large 
Chlamydomonas population was observed on May 30, 
1973, as it had been the year before. 
Table 5. Summarization of algal cell counts for 1973-74. 
Even though artificial destratification began on 
June 1, 1973, the algal concentrations declined 
through June and into July as it had the previous 
year. The decline in algal concentrations was attri-
buted to predation by zooplankton. The first Apha-
nizomenon appeared on July 12, 1973, and increased 
in concentration through July. By August the 
Aphanizomenon bloom was of considerable magni-
tude. During the Aphanizomenon bloom the algal 
Summer A.[. bloom Fall Ice Cover Spring 
1973-74 6/9/73 8/15/73 10/13/73 1/12/74 3/19/74 
7/28/73 9/29/73 12/10/73 2/23/74 3/19/74 
Chlorophyceae 
Ankistrodesmus Trace Trace Minor Trace Trace 
Chlamydomonas Major Trace ' Major Major Major 
Closterium N.O. Trace Trace N.O. N.O. 
Golenkinia N.O. N.O. N.O. Trace N.O. 
Kirchneriella N.O. N.O. N.O. N.O. N.O. 
Oocystis N.O. Trace N.O. N.O. N.O. 
Pediastrum Minor N.O. N.O. N.O. N.O. 
Phacotus Trace N;O. N.O. N.O. Trace 
Planktosphaeria Minor Trace Trace Trace N.O. 
Schroederia Minor N.O. N.O. Trace N.O. 
SelenastlUm Trace N.O. N.O. N.O. N.O. 
Sphaerocystis N.O. Trace N.O. N.O. N.O. 
Euglenophyceae 
Trachelamonas N.O. N.O. N.O. Trace Minor 
Dinophyceae 
Ceratium Trace Trace N.O. N.O. N.O. 
Gymnodinium Trace N.O. N.O. Trace N.O. 
Oyptophyceae 
Oyptomonas Trace Trace Minor Minor Minor 
Oysophyceae 
Dinobryon N.O. N.O. N.O. N.O. N.O. 
Mallomonas Trace N.O. N.O. Trace N.O. 
Baci1lariophyceae 
Asterionella Major Trace Trace Trace Minor 
Fragillaria Minor Trace Trace N.O. N.O. 
Melosira Trace Trace Trace N.O. Trace 
Navicula Trace Trace Trace Trace Trace 
Rhopalodia Trace N.O. N.O. N.O. Trace 
Stephanodiscus I Trace Trace Trace Trace N.O. 
Stephanodiscus II N.O. N.O. N.O. Major N.O. 
Myxophyceae 
Aphanizomenon Major Major Major N.O. N.O. 
Merismopedia Trace Trace N.O. N.O. N.O. 
Microcystis Trace Trace N.O. N.O. N.O. 
Major - > 20% of total algal cell counts 
Minor - 1-20% of total algal cell counts 
Trace - < 1 % of total algal cell counts 
N.O. - not observed 
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population was essentially unialgal. The maximum 
concentration observed on August 15, 1973, was 
210,000 cells/mI, which was considerably higher than 
the highest concentration observed in the stratified 
year. The maximum Aphanizomenon concentration 
observed during the period of destratification was 
320,000 cells/mI , which was observed at 2 m on 
August 28, 1973. The vertical profile (Figure 13) of 
Aphanizomenon for this sample date was noticeably 
different from the vertical profile observed in the 
previous year. The August 28, 1973, Aphanizomenon 
profile had high concentrations near the surface and 
decreased in concentration with depth. After the 
Aphanizomenon bloom the algal populations were 
similar to the previous year. The Aphanizomenon 
bloom dissipated and by November algal concen-
trations were at very low levels . 
The algal population at this time was domi-
nated by Chlamy domonas as it was the previous year . 
Chlamydomonas continued to dominate through Jan-
uary. Chlamydomonas reached a maximum of 15 ,700 
cells/ml at 1 m on February 9, 1974. The Steph-
anodiscus fi rst appeared after ice formation. By 
February 23 , 1974, the concentrations had increased 
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to 19 ,000 cells/mI at 1 m. The vertical profiles of 
Stephanodiscus (Figure 14) for the two years were 
not significantly different. By March 19, 1974, after 
the spring overturn, the winter bloom had dissipated. 
The heterocysts of Aphanizomenon were 
enumerated during the algal counting procedure. The 
number of heterocysts per Aphanizomenon cell ex-
pressed as a percentage appear in Figure 15. Because 
of the very ow percentage of heterocysts and the 
relatively high concentrat ion of N~ -N, N02 -N, and 
N0 3 -N it was believed that the amount of nitrogen 
fixed was insignificant- (e.g. , see Horne and Goldman, 
1972 ; Horne, 1974) . Horne and Goldman (1972) 
noted that nitrogen fixation became significant when 
the heterocysts occurred in above 0.7 percent of the 
cells. 
Total bacterial plate count 
The bacterial population during the summer of 
1972 was always changing. Each sample date during 
the summer gave a different vertical distribution 
(Figure 16a) . Because of the varied nature of the 
bacterial populations the first summer, each sample 
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date will be discussed individually. On July 19, 1972, 
the epilimnetic plate count concentrations were less 
than 1100 cfu/ml. However, a maximum of 4 ,400 
cfu/ml wa~ observed on the thermocline at a depth of 
6 m. The bacterial concentrations then dropped to 
1800 cfu/ml at 7 m. The concentrations then ranged 
from 1,000 to 2,000 cfu/ml through the hypo-
limnion. The bacterial concentrations then increased 
as the sediments were approached. The extremely low 
bacterial concentrations were believed to be the result 
of predation by the large populations of zooplankton 
present at that time. 
By August 2, 1972, the zooplankton concen-
trations had decreased substantially and the bacterial 
concentrations in the epilimnion increased signifi-
cantly. Concentrations for the first 5 m below the 
surface were: 3,200, 19,000, 20,000, 17,000, and 
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23,000 cfu/ml. A plot of this data on a two 
dimensional graph appears in Figure 17. Approx-
imately 95 percent of these bacteria were an orange 
pigmented bacteria that were not apparent in 
significant quantities two weeks previous. The ther-
mocline was observed at 5 m on this date and was the 
lower boundary for the high concentrations of 
bacteria as only 3,300 cfu/ml were observed at 6 m. 
Not only did the concentrations decrease in the 
epilimnion but the percentage of pigmented bacteria 
also declined when compared to two previous sample 
dates. The drop in percentage of pigmented bacteria 
can be directly attributed to the loss of the orange 
pigmented bacteria below the thermocline. The bac-
terial concentrations found in the hypolimnion rang-
ed from 2,000 to 6,000 cfu/ml. On August 14, 1972 
the orange pigmented bacteria were only found in 
Significant quantities at a depth of 5 m at the 
Oct Nov Dec 
1972 
Oct Nov Dec 
1973 
Figure 15. Percentage of heterocysts in Aphanizomenon flos-aquae cells for 1972-73 (a) and 1973-74 (b). 
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Figure 16. Three dimensional plots of total plate count bacteria with depth for 1972-73 (a) and 1973-74 (b). 
thermocline. The reduction of the orange pigmented 
forms in the upper 4 m lowered the bacterial 
concentrations to 2,000 to 4,000 cfu/mI. A detailed 
vertical distribution of the bacterial populations 
appears in Figure 18. Beneath the bacterial maximum 
of 18,000 Cfu/mI, at 5 m, a concentration of 2,500 
cfu/mI was observed at 6 m. The bacterial concen-
trations then increased with depth with 370,000 
cfu/mI being observed at 18 m. 
On August 30, 1972, the bacterial concen-
trations (Figure 19) had declined. The thermocline 
had migrated to ·a depth of 7 m. A bacterial 
maximum of 5000 cfu/m was observed at 7 m. The 
concentrations in the 6 m above the thermocline 
ranged from 1,000 to 3,000 cfu/mI, while concen-
trations in the hypolimnion ranged from 1,500 to 
4,000 cfu/mI . Concentrations had increased to 
21,000 cfu/mI 1 m off the bottom. The bacterial 
concentrations on September 13, 1972, (Figure 20) 
still remained low ' despite the decline of the Apha-
nizomenon bloom. The vertical distribution did not 
show extreme variations with depth although a small 
increase with depth was observed. 
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Once the fall overturn had been established, 
from October through ice formation, the vertical 
profile showed essentially a uniform distribution of 
bacteria. Concentrations of 3,000 to 7,000 cfu/rnl 
were common during this period. After ice formation, 
a bacterial distribution was established which was 
maintained throughout the period of ice cover. 
Typical winter profiles (Figures 21 and 22) had high 
concentrations just under the ice and just off the 
bottom, with lesser concentrations at the inter-
mediate depths. An example of this would be the 
vertical proflle for January 6, 1973, and January 27, 
1973, which appears in Figures 21 and 22. For 
January 6, 1973, a maximum bacterial concentration 
of 44,000 cfu/rnl at 1 m can be seen, with the 
bacterial concentration then dropping to 1,600 
cfu/rnl at 3 m. The concentrations then ranged from 
1,000 to 2,000 cfu/rnl down to a depth of 7 m. At 18 
m, the concentration increased to 9,500 cfu/mI. The 
winter bacterial flora was dominated by a yellow 
pigmented bacteria, which accounted for greater than 
90 percent of the total bacterial concentrations. 
The 1973 spring overturn produced a uniform 
bacterial concentration of approximately 16,000 
cfu/rnl and a significant increase in the non-
pigmented forms when compared to the previous 
sample date. The increase in bacterial concentrations 
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Figure 18. Vertical distribution of total plate count 
bacteria for August 14, 1972, and August 
15, 1973. 
and the non-pigmented forms was attributed to the 
suspension of the sediments. The non-pigmented 
forms had been previously found in large numbers in 
the bottom samples. From April through May 1973 a 
uniform distribution was maintained but the overall 
concentrations decreased as the suspended solids 
produced during the spring overturn began to settle . 
By May 30, 1973, immediately prior to destra-
tification, the bacterial concentrations ranged from 
4,000 to 11,000 cfu/mI with concentrations in-
creasing slightly with depth. 
After artificial de stratification began the bac-
terial concentrations continued to decrease through 
June (Figure 16b). The June 22, 1973, and the July 
12, 1973, vertical proftles were similar to those 
observed the previous year at the same time. The 
concentrations found in the upper 4 m ranged from 
500 to 1,400 cfu/mI, while at the remaining depths 
bacterial concentrations from 2,000-8,000 cfu/mI 
were found. The low concentrations in the upper 
waters on these dates were attributed to predation by 
zooplankton. 
For the sampling dates of July 28, August 15, 
and August 28, 1973, the thermocline did not 
influence the bacterial concentrations as was observed 
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Figure 19. Vertical distribution of total plate count 
bacteria for August 30, 1972, and August 
28,1973. 
when the lake was stratified. A comparison of these 
dates with the vertical profiles observed the previous 
year appear in Figures 17, 18, and 19. No drastic 
changes in bacterial concentrations or pigmentation 
with depth were noted on these three sample dates 
during the destratified year. 
On September 12, 1973, a significant increase 
in the bacterial popUlations occurred, with concen-
trations of 54,000 cfu/mI and 48,000 cfu/mI being 
observed at 2 and 3 m respectively (Figure 20). 
Approximately 70 percent of the bacterial popUla-
tions observed at these depths was orange pigmented 
bacteria. Apparently these were the same bacteria 
that had appeared during the first two weeks of 
August during stratification. Although the orange 
pigmented bacteria were the most numerous bacteria 
. observed at 2 and 3 m depths, less than 10 percent of 
the popUlations at all the other depths were com-
posed of the orange pigmented bacteria. The orange 
pigmented bacteria declined just as rapidly as it had 
appeared. They were not a significant portion of the 
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bacterial popUlation 17 days later on September 29, 
1973. 
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Figure 20. Vertical distribution of total plate count 
bacteria for September 13, 1972, and 
September 12, 1973. 
From September 29, 1973, through November 
17, 1973, the vertical profiles increased with depth. 
During this period bacterial concentrations of 2,000 
to 10,000 cfu/mI were common. The December 16, 
1973, vertical bacterial profile showed an essentially 
uniform distribution with concentrations of 5,000 to 
8,000 cfu/mI. 
On January 12, 1974, the vertical bacterial 
profile was similar to that of the previous year, as 
illustrated in -Figure 21. The highest concentrations 
were found just under the ice and just off the bottom 
with lower concentrations in between. Although the 
concentrations at the I m depth were approximately 
the same as in 1973, the concentrations in 1974 were 
higher for the remaining depths. The January 26, 
1974, vertical bacterial profile, as illustrated in Figure 
22, showed a very substantial increase in bacterial 
concentrations which were not observed during the 
previous winter. The bacterial populations increased 
with depth until a maximum of 68,000 cfu/mI was 
observed at 13 m. The bacterial concentrations then 
decreased with an increase in depth until the bottom 
was reached. 
The 68,000 cfu/mI- observed on January 26, 
1974, was the highest bacterial concentration not 
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Figure 21. Vertical distribution of total plate count 
bacteria for January 6, 1973, and January 
12.1974. 
3S 
influenced directly by the sediments found in the two 
year study. The vertical profiles for the remainder of 
the period of ice cover were similar to the January 
26, 1974, profile, but with lower concentrations. 
The 1974 spring thaw and overturn produced a 
uniform distribution of 32,000 to 38,000 cfu/mI 
down to a depth of 11 m. Below 11 m -the 
concentrations were smaller with a minimum bac-
terial concentration of 1,500 cfu/mI being observed 
at 17 m. 
Total and fecal colifonns 
Total and fecal coliforms were analyzed at 
various depths in the reservoir. The data appear in 
Tables B-24 through B-41 of the appendix. Only 25 
mI of sample water was available for each analysis and 
resulted in low colony counts per plate. Because of 
the "high variability of the results at each individual 
depth, the vertical distribution of total and fecal 
coliforms will not be discussed. The average concen-
trations of total and fecal coliforms will be discussed 
in the following section of single dimensioned or 
non-depth parameters. 
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Zooplankton 
The variations in zooplan kton concentration 
with time and depth are presented in Figure 23. This 
data should only be used as a gross indication of the 
zooplankton populations. None of the individual 
zooplankton genera were identified. In general the 
higher concentrations were observed near the surface 
and declined with depth. The numbers of zoo-
plankton and distributions were similar for both 
years. The winter populations were considerably 
smaller than those observed in the summer . The 
minimum concentrations occurred during the spring 
overturn of both years . The maximum concentrations 
occurred during July of the first year. Concentrations 
of 120 and 129 individuals/liter were observed at 2 m 
on July 5, I972, and July 19, 1972. Unfortunately 
data were lost for July of 1973. 
Relative vertical illumination 
The relative vertical illumination (RVI) was 
described by Hutchinson (l957) using the following 
formula, 
in which 
~ 
~ 
-K Z 
e e 
illumination at any depth 
illumination at the surface 
depth, m 
vertical extinction coefficient, m-1 
The RVI data have been plotted on a logarithmic 
scale. The slope of the vertical profIles (Figure 24) 
will then be the extinction coefficient, K . Th,e 
extinction coefficients are represented by the sfope of 
the best fit straight line (determined by minimizing 
orthogonal distances) and appear in the appendix. 
Logarithmic plots were essentially straight lines with 
some deviations near the surface. Because of this 
consistent logarithmic relationship with depth, the 
extinction coefficient will be discussed in the sum-
mary. Maximum light penetration occurred under the 
ice in March and in June when suspended solids were 
. at a minimum. The minimum light penetration 
occurred during spring and fall overturns and during 
the period of the Aphanizomenon bloom. 
Section II. Single Dimensioned (Non-Depth) 
Parameters for Hyrum Reservoir 
The large quantities of data were reduced by 
calculating weighted averages (W.A.) which made it 
more convenient to . compare the results of the two 
years of study (see Appendix C for a calculated 
example). Single dimensioned parameters, such ~ 
light extinction coefficient (Ke) and Secchi depth 
were not averaged. Because there was little variation 
37 
with depth , the+ weighted average of pH was not 
converted to H before calculating and the slight 
error induced by this method was negligible. A simple 
average was used for the diversity index, total 
coli forms and fecal coliforms, while chlorophyll a was 
expressed as grams/square meter. The single dimen-
sioned parameters were then plotted versus time for 
both years and the comparisons were made. The 
calculated values appear in Table 6. 
Volume 
The volume of the reservoir is dependent upon 
the operation of the radial gates by the irrigation 
company . The volume of the reservoir for the two 
year period appears in Figure 25. The gates were 
closed on May 16 in 1972 and on May 15 in 1973. 
The reservoir filled rapidly with the maximum 
volumes occurring during the first two weeks in June. 
The higher volume obtained during June 1973 occur-
red because one of the major canals from the 
reservoir was closed during the first week in June for 
. repairs. The gates were opened again in September 
after the water level fell below the spillway. From 
October through May the reservoir maintained an 
essentially constant volume. The volume of water in 
the reservoir was essentially the same for both years. 
Reservoir residence time 
The hydraulic residence time in the reservoir 
was calculated by dividing the volume of the reservoir 
by the influent flow. The residence times were 
plotted versus time in Figure 26. Runoff during the 
first year of the study was the highest runoff 
recorded since the building of the dam. This resulted 
in short residence times over a long period. In the 
spring of 1972 residence times of less than 25 days 
were observed for ·over 50 days. Although residence 
times less than 15 days were observed in 1973, they 
did not last as long as the previous year. The closing 
of the gates and the decreased flow during the last of 
May rapidly increased the residence times. After July 
the reservoir was approximately the same volume, 
thus the fluctuations in residence times were a result 
of changing influent flow. The result of the short 
residence · time observed during both years was to 
flush the reservoir. It is believed by the writers that 
the extended period of short residence times (due to 
high runoff) observed during 1972 could have affec-
ted the algal popUlations and deterred the Apha-
nizomenon bloom. 
Water temperature 
From Figure 27, it can be seen that the 
artificial destratification had no effect on the average 
water temperature during the summer. However, the 
average winter water temperature was lower following 
artificial destratification. The lower weighted average 
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Table 6. Single dimensional parameters for Hyrum Reservoir, May 26, 1972, through March 19, 1974. 
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temperature noted during the spring of 1973 was 
attributed to the extended period of ice cover. 
Artificial destratification apparently did not signifi-
cantly affect the annual cycling of temperature in the 
reservoir. 
Dissolved oxygen 
The plots of the weighted average DO concen-
trations versus time (Figure 28) for the two years 
agree closely. The notable exceptions were during the 
Aphanizomenon bloom and during the period of ice 
cover. During August of the artificial destratification 
year the increased oxygen levels were directly related 
to the increased numbers of Aphanizomenon. The 
lower DO concentrations during the winter of the 
destratification were possibly due to the increased 
numbers of bacteria found that winter. 
Total suspended solids 
TSS concentrations increased during the sum-
mer of destratification (Figure 29). Although the 
concentrations were similar in June, by August of the 
year of destratification a substantial increase was 
observed. Again the increase in TSS during the 
destratification was attributed to the increase in the 
Aphanizomenon bloom. The effect of artificial des-
tratification was to extend the natural period of the 
fall overturn further into winter, thus keeping the 
solids suspended longer. Once the ice formed and the 
compressor was shut down for ' the winter, the 
suspended solids concentrations of the destratified 
winter approached the concentration observed the 
previous winter. The highest concentrations of TSS 
occurred during the spring overturn. 
pH 
Only slight variations were observed in the 
vertical pH profIles. Because of the relatively uniform 
vertical distribution (Tables B-1 through B41) it was 
decided that calculation of an average pH from the 
hydrogen ion concentration would be unnecessary. 
Instead a weighted average pH value was obtained by 
taking an average of the individual pH values. A plot 
of the weighted average pH for the research period 
appears in Figure 31. A weighted average pH value of 
7.8 was observed on June 9, 1972. The weighted 
average pH then increased until a maximum of 9.2 
was observed on September 29, 1972, after the 
Aphanizomenon bloom. In November the pH began 
decreasing and a weighted average pH of 7.2 - 7.3 was 
maintained through the winter and into the following 
spring. In the summer of the destratified year the pH 
values followed the same trend as the previous 
summer. The weighted average pH values rose as the 
algal populations increased. During destratification 
the maximum weighted average pH of 9.2 was 
observed on August 15, 1973, approximately a 
month earlier than the stratified year. The pH levels 
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slowly declined during the fall and maintaining a pH 
of 8.3 - 8.6 through the winter. The weighted average 
pH of 8.3 - 8.6 represents a substantial increase over 
the previous winter. 
Inorganic fIltered carbon 
The plots of the weighted average IFC data 
appear in Figure 32. General trends were difficult to 
observe because of the missing data. However, the 
IFC concentrations were observed to be lower during 
the stratified year. 
Ammonium nitrogen 
The annual cycling of NH4 -N for the two years 
followed essentially the same patterns (Figure 33). In 
both years low concentrations were observed in June. 
The concentrations increased during ' July until the 
algal populations began utilizing ~ -N thus driving 
the concentrations down. Another minimum concen-
tration was observed in August. The NH4-N increased 
during the fall overturn. The concentrations reached a 
maximum in December and January and then de-
clined rapidly. Until this time the weighted averages 
of the two years did not differ. During destra-
tification higher concentrations of NH 4-N were main-
tained under the ice after the reduction in KH4-N 
concentrations. The minimum NH4-N concentrations 
were observed following runoff in June and during . 
the algal bloom in August. Artificial destratification 
did not seem to affect these maximums and mini-
mums, and the annual cycling of NH4-N in the 
reservoir. The only observed effect of artificial 
destratification on the weighted average NH4-N was 
the increased concentrations during the winter. 
Nitrite nitrogen 
Although the general trend of high N02 -N 
concentrations in the summer and low concentrations 
during runoff and in winter was observed both years, 
a marked difference in concentrations was observed 
(Figure 34). The weighted averages of the N02-N 
concentrations during the summer of stratification 
were higher than during destratificatio~. The higher 
weighted average concentrations in July of the 
stratified year were obviously related to the nitrite 
maximum that was observed in the vertical profIle 
during that period. Artificial destratification did not 
allow the N02 -N maximum to form and apparently 
decreased the concentrations of N01-N. Following 
overturn the N01 -N concentrations dropped rapidly 
and very low concentrations were observed during the 
winter. However, for the same period during destra-
tification the average NOl -N concentration was con-
siderably higher. As a rule the N~ -N was always 
relatively low when compared to a reservoir with 
considerable nitrifying activity e.g. NOl -N values at 
Indian Creek Reservoir were higher (Porcella et al., 
1972). 
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Figure 27. The weighted average water temperature of Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 28. The weighted average dissolved oxygen concentration in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 29. Weighted average total suspended solids concentration in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 30. Weighted average total unfdtered phosphorus concentrations in Hyrum Reservoir for 1972-73 and 
1973-74. 
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Figure 31. Weighted average pH values of Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 32. Weighted average inorganic filtered carbon concentrations in Hyrum Reservoir for 1972·73 and 
1973-74. 
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Figure 33. Weighted average ammonium nitrogen concentration in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 34. Weighted average nitrite nitrogen concentration in Hyrum Reservoir for 1972-73 and 1973-74. 
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itral mtr e 
co 
ted average - 3-N 
Y ars showed considerable 
e ect of the increase 
otal inorganic nitrogen 
T e total inorganic nitrogen (TIN) was com-
puted by ming the NH 4 -N, N0 2 -N, and N03-N 
~ rm of nitrogen. Since the N03 -N concentrations 
were considerably higher than the other forms of 
nitro en , it dominated the total inorganic nitrogen 
va ue. Th 1 t of the TIN (Figure 36) was essentially 
the same s the N03 -N plots (Figure 35). 
Total unfilt red phosphorus 
The p]ots of the weighted average TUP in 
tgur 3 show the concentrations to be higher 
during destratification. The peak of TUP observed in 
September during destratification was attributed to 
the huge amounts of windblown algae present at the 
sample site. Because oC analytical difficulties some 
data are missing and definite conclusions regarding 
e TUP are difficult to reach. 
Total filtered phosphorus 
In g neral no annual cycle of the TFP was 
fro 1 the plo ts in Figure 37. The fluc-
~n oneen ra 'ons for both years made it 
o conclude anything as to the effects of 
artificial destratification. If anything, it would be 
concluded that artificial de stratification had no effect 
on the TFP. 
Filtered orthophosphate phosphorus 
It becomes readily apparent after observing the 
p ots in Figure 38 , that artificial destratification did 
not af ect appreciably the annual cycles of PO 4 -p. 
The only obvious difference was . the rapid decline 
that preceded the Aphanizomenon bloom during the 
destratification. In general, the weighted average 
PO 4 -P concentrations for both years reached a 
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August due to algal activity and then 
concentratio durhg the fall ove tur . 
ed a maximum in November d dec ined 
. h .h w'''1ter algal bloom during both years. After 
ft , ~u e of arti Idal estratific f on the fa 
on ent atio s oP 4 -P' ere the same as during 
na ura tr ffication . It can be concluded hat arti-
Icial destratifica tion had very little effect on the 
annual PO 4 -P cycli g in H rum Reservoir . 
ilte mganic phosphoru 
The mtered organic phosphorus was calculated 
,r tin(J the m tered rthophosphor s f om the 
fil J:e p osph rus. The computed we'ghted 
average concen trations fluet lated considerably with 
ime. The wide fluctuations did not appear to 
correlate with other observations. 
Chlorophyll a 
The effec t of artificial de stratification on the 
amounts of chlorophyll a were considerable. Figure 
39 illustrates an order of magnitude increase of 
chlorophyll a during destratification , when compared 
to stratification. A maximum chlorophyll a concen-
tration of 0 .37 1 grams/square meter was observed 
during destratification. A higher concentration of 
cl.Uorophyll a during the fall after destratification was 
due to the large concentrations of pheophytin a from 
the decomposition of the large Aphanizomenon 
bloom. The destratified year also produced higher 
concentrations during the winter algal bloom. During 
artificial destratification the Aphanizomenon bloom 
as measured by chlorophyll a increased tenfold. In 
general, chlorophyll a concentrations increased with 
destra tifica ti on. 
Total algae 
The graphs of the total algae and Apha-
nizomenon concentrations in Figures 41 and 42 
closely follow those for chlorophyll a concentrations. 
Again, as with chlorophyll a, the effect of artificial 
destratification on the algal population was dramatic . 
During destratification the Aphanizomenon concen-
trations increased sixfold over the year of strat-
ification. By comparing the plot of the total algae in 
Figure 41 with the plot of Aphanizomenon in Figure 
42, it can be seen that the Aphanizomenon bloom 
dominated the total algal population during summer 
bloom conditions. 
Genera diversity index 
A genera diversity index was calculated from 
the algal counts. An average genera diversity index 
was obtained by averaging the individual indexes 
calculated for the top 5 m of water (Figure 40). 
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Figure 35. Weighted average nitrate nitrogen concentrations in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 36. Weighted average total inorganic nitrogen concentrations in Hyrum Reservoir for 1972-73 and 
1973-74. 
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Figure 37. Weighted average total filtered phosphorus concentrations in Hyrum Reservoir for 1972-73 and 
1973-74. 
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Figure 38. Weighted average fIltered orthophosphate phosphorus concentrations in Hyrum Reservoir for 1972-
73 and 1973-74. 
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Figure 39. Grams of chlorophyll a per square meter in Hyrum Reservoir for 1972-73 and 1973-74 . 
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Figure 40. Average diversity index of the top S meters of Hyrum Reservoir for 1972-73 and 1973-74. 
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Depths below 5 m were ignored because of the small 
numbers of algae present. The diversity indexes 
obtained during the summer that the lake was 
stratified were greater than those obtained during 
destratification. This was due largely to a number of 
gelatinous green algae that were present during the 
year that the lake was stratified. The lower diversity 
index found during the Aphanizomenon bloom when 
the lake was destratified was due to the increased 
numbers of this alga. Overall the diversity was quite 
low and the effect of artificial destratification was to 
lower it even further. 
Total bacterial plate count 
The weighted average total plate count bacteria 
(Figure 43) can be used to observe trends in the 
bacterial population. The peak observed in August 
was due in part to the orange pigmented bacteria and 
was observed before the Aphanizomenon bloom. The 
same orange pigmented bacteria dominated the peak 
bacterial concentration observed after the Apha-
nizomenon bloom when the lake was destratified. In 
both years of the study the bacterial populations 
declined during Jhe Aphanizomenon bloom. The 
bacterial concentrations were low during October and 
November of both years. During the winter when the 
lake was stratified the bacterial concentrations re-
mained very low. However, the bacterial concen-
trations in the lake increased during the winter of 
destratification. During both years bacterial concen-
trations increased after the spring overturn suspended 
solids from the sediments. The plot of the pigmented 
plate count bacteria in Figure 44 is similar to the plot 
of the total plate count bacteria in Figure 43. The 
similarity between the plots illustrates the dominance 
of the pigmented forms during most of the year. 
The effect of artificial de stratification on the 
pigmented populations during the summer can be 
observed in Figure 45. During August when the lake 
was stratified the pigmented forms made up less than 
20 percent of the total plate counts, while during the 
same month when the lake was destratified the 
pigmented forms were approximately 50 percent of 
the total population. From this work it appeared that 
destratification increased the winter bacterial concen-
tration, increased the percentage of pigmented forms 
during the summer and delayed the appearance of the 
orange pigmented bacteria until after the Apha-
nizomenon bloom. 
Total and fecal coliforms ' 
Analysis of total and fecal coliforms began on 
May 30, 1973, just prior to artificial destratification . 
. A simple average was calculated from the vertical 
distribution by dividing the total number of colonies 
observed by the total volume of water sampled. The 
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average number of total and fecal coliforms have been 
plotted and appear in Figures 47 and 48, respectively . 
The total coliforms exhibited a decrease in concen-
tration to 7.3 per 100 ml inimediately following the 
beginning of artificial destratification. The decline 
may have been a natural decline which normally 
follows periods of high runoff. The total coliforms 
remained stable (10-16/100 rnI) through the summer, 
and then increased to a concentration of 25/100 rnl 
during the fall overturn. The concentrations then 
declined again and concentrations of less than 10/100 
ml were observed during the winter. The spring 
overturn produced the highest total coliform concen-
tration (34/100 m!) that was observed during the 
research period. 
The fecal coliform concentrations (Figure 48) 
were similar to the total coli forms. Before artificial 
destratification on May 30, 1973 , a relatively high 
concentration was attributed to high runoff that 
occurred in May. The concentrations then fluctuated 
between 0 and 3/100 rnl through February. Low 
levels of total and fecal coliforms apparently were 
maintained with artificial destratification. The spring 
and fall overturns and the runoff period produced 
high concentrations of total or fecal coliforms. 
Zooplankton 
The weighted average zooplankton concen-
tration for the stratified and destratified periods were 
quite similar (Figure 49). The peak in the zoo-
plankton concentrations observed during July were 
responsible -for the low algal and bacterial counts at 
that time. Data were not collected in July during 
de stratification when the zooplankton population 
would have reached maximum concentrations. 
Slightly lower concentrations were observed during 
the winter when the lake was destratified. From the 
limited data collected it is suggested that artificial 
destratifi.cation has little or no effect on the zoo-
plankton numbers. 
Ke' light extinction coefficient 
The light extinction coefficient was calculated 
from the relative vertical illumination and was plotted 
versus time in Figure 50. The light extinction 
coefficient was related directly to the suspended 
solids concentrations. The highest coefficients were 
found during the spring overturn and during the 
massive algal bloom when the lake was destratified. 
The maximum light extinction coefficient observed 
was 2.46/meter on March 19, 1974. The weighted 
average TSS concentration at this time was over 30 
mg/I. The lower light extinction coefficients were 
found in June and under the ice when the suspended 
solids were at a minimum. The minimum light 
extinction coefficient of 0.18/meter was observed on 
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Figure 41. Weighted average total algal cell concentrations in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 42. Weighted average Aphanizomenon [los-aquae concentrations in Hyrum Reservoir for 1972-73 and 
1973-74. 
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Figure 43. Weight~d average total plate count bacterial concentrations in Hyrum Reservoir for 1972-73 and 
1973-74. 
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Figure 44. Weighted average total pigmented plate count bacterial concentrations in Hyrum Reservoir for 1972-
73 and 1973-74. 
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Figure 45. Percent pigmented bacterial concentrations in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 46. Secchi depths in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 47. Total coliform concentrations in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure'48. Fecal coliform concentrations in Hyrum Reservoir for 1973-74. 
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Figure 49. Weighted average zooplankton concentrations in Hyrum Reservoir for 1972-73 and 1973-74. 
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Figure 50. Ught extinction coefficient, K
e
, of Hyrum Reservoir for 1972-73 and 1973-74. 
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March 27, 1973. A prolonged winter had lengthened 
ice cover and reduced the TSS concentrations to 1-2 
mg/I. Light extinction coefficients from July through 
October were higher during destratification . This 
correlates with the increased amount of total suspen-
ded solids fou nd during destratification. 
Secchi depth 
Secchi depths were determined throughout the 
two year research period (Figure 46). Secchi depths 
were determined during the winter under the ice with 
the realization that the hole in the ice and the ice 
thickness would be influencing factors . The Secchi 
depths followed the extinction coefficient , as 
expected. The smallest Secchi depth was found on 
the same day as the maximum extinction coefficient 
was observed . During the year previous to destra-
tification seven sample dates had Secchi depths 
greater than 3 m. During destratification only two 
sample dates had Secchi depths greater than 3 m. The 
maximum Secchi depth occurred in June after the 
annual peak runoff. 
A summary of the single dimensi oned or 
non-depth parameters appears in Table 7 . The results 
of destratification become readily apparent. The 
weighted average ISS under ice cover increased from 
1.8 - 3.3 mg/l during stratification to 2.7 - 5.0 mg/l 
during destratification. Destratification increased all 
of the nitrogen parameters during ice cover. The 
reduced N03 -N levels occurred during the Apha-
nizomenon bloom when the lake was destratified . 
The high chlorophyll a levels correspond to the 
reduced N03 -N level during destratification . The 
effect of artificial destratification on the Apha-
nizomenon bloom can be seen in the chlorophyll a 
concentrations. During stratification the maximum 
chlorophyll a concentration of 0.034 g/m2 was 
observed, while during destratification the maximum 
was 0.370 g/m2. This represents a tenfold increase in 
chlorophyll a concentration during artificial destra-
tification over the previous year. 
Section Ill. Correlation Coefficients for 
Various Water Quality Parameters of 
Hyrum Reservoir 
The data from the vertical profiles of 25 
parameters were analyzed statistically and a linear 
correlation coefficient matrix between all variables 
was calculated. The correlation coefficient matrices 
for the 41 sample dates appear in Tables 04 through 
044 of the appendices. In general, the concentration 
of many parameters either increased or decreased 
with depth. The numerous high correlations illus-
trated the depth dependency of the system. The 
effect of overturn was to destroy the concentration 
S6 
gradients with depth and to decrease the number of 
high correlations. 
Temperature , dissolved oxygen, total suspended 
solids, ammonia nitrogen , nitrate, orthophosphorus, 
relative vertical illumination , total algae , and chlor-
ophyll a were all parameters whose concentrations 
increased or decreased with depth. During the sum-
mer, the heat source was at the surface with the heat 
sink in the sediments. This condition produced a 
temperature gradient in which temperatures decre-
ased with depth. In the winter the opposite was true, 
the heat sink was the surface and the heat source was 
the sediments. This condition produced a temper-
ature gradient in which temperatures increased with 
depth. 
Similar to the temp:!rature gradients, the source 
of dissolved oxygen for the system was diffusion at 
the surface and algal photosynthesis near the surface, 
while the sink was the sediments. This condition 
produced oxygen concentrations that decreased with 
depth . 
Because of the greater density , suspended solids 
generally increased with depth. The exception to this 
type of total suspended solid proftle 'Nas observed 
during overturn and algal blooms. 
The sediments were a major source of ammonia 
nitrogen , and the sink was the algal populations near 
the surface. The sink for nitrate nitrogen was the algal 
populations. In general, both ammonia and nitrate 
nitrogen exhibited concentration gradients in which 
the concentration increased with depth. Like the 
nitrogen parameters a major source of P04-P was in 
the sediments and the algal community was the sink 
near the surface. The result was a vertical profile in 
which concentrations increased with depth. 
The source of light for the system was at the 
surface and light diSSipated with depth. The algal 
populations using light as an energy source, were 
found in higher concentrations near the surface and 
decreased with depth. Since chlorophyll a is a 
measure of the algal populations, it was found to 
decrease in concentrations with depth. 
If a parameter which increased with depth was 
correlated with a parameter which also increased with 
depth , a positive correlation coefficient (r) would 
result. If a parameter which increased with depth 
were correlated with one which decreased with depth , 
the resultant r would be negative. In general , the 
water' quality of Hyrum Reservoir can be cha-
racterized by these depth relationships during most of 
the year. These depth relationships were not readily 
apparent in the spring during runoff when the Little 
Bear River was a major source. 
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Table 7. Summary of the single dimensioned or non-<iepth parameters, giving a range of concentrations for the various periods of the year. The stratified and 
de stratified year have been separated for comparison. 
Stratified Year Destratified Year 
Single 1972-73 1973-74 
Dimensioned 
or A. flos -aguae ~ flos aguae Summer Fall Ice Cover Spring Summer Fall Ice Cover Non-Depth 
5/26/72 to Bloom 10/18/72 to 12/2,0/72 to 4/17/73 to 6/9/73 to Bloom 10/13/73 to Spring Parameters 8/30/72 to 8/15/73 to 1/12/74 to 3/19/74 8/14/72 
9/29/72 11/17/72 3/27/73 5/30/73 7/28/73 9/29/73 12/16/73 2/23/74 
W.A.
a 
TSS mg/1 2.9-4.3 5.7-8.9 7.7-9.2 1. 8-3. 3 8.6-16 4.4-9.8 9.4-13 6.5-12 2.7-5.0 31 
Ke m 
-I 
.27 -.40 .40-.58 .44-.63 
.66-1. 0 .18-.51 .55-1. 1 .27-.47 .42 -.65 .41-.51 2.5 
pH 7.8-8.6 8.9-9.2 8.2-9.0 7.2-7.4 7.2-7.3 7.2-7.9 8.7-9.2 8.1-8.7 8.3-8.6 8.4 
W.A.a Inorg. Carbon 49-57 48-53 56-58 52-59 39-49 
- -
47-53 48-54 44 
mg/1 
a 32-94 63-93 W.A. NH4 -N flg/I 140-190 24-190 41-59 24 -11 0 44 -11 0 100-180 97-120 120 
a . 
W.A. N02 -N flg/1 16-28 19-24 10 -19 1. 9-8.2 4.4-9.9 5.1-21 17 -21 13-21 9.0-10 9.2 
a 
420-570 500-650 610-740 620 W.A. N03 -N flg/l 390-450 420-440 420-550 440-510 200-320 340-480 
W.A.a TIN flg/1 470-620 470-540 530-620 650-730 470- 610 480-630 280-390 4 60-680 720-850 760 
W.A.a Total Phose 27-73 47-72 69-140 
-
110-160 56-90 70-260 90-160 66-97 120 
flg/ 1 
a 10-28 16-23 23_37 10 -28 32-43 31-35 42 W.A. PO 4 -P flgl1 33-45 34-45 11-24 
2 
.008-.017 .002-.026 .025-.059 .017-.060 .047 Chlorophyll a g/m .018-.034 .009-.018 . • 008-.083 .009-.071 .053-.370 
aWeighted average. 
While these relationships will explain many high 
correlation coefficients, others have high correlations 
because they are related to a common parameter. For 
example (Table 0-33), on August 28, 1973 water 
temperature and total algae were independently 
correlated with depth, while NH4 -N and NO -N were 
independently correlated with total algae. the high 
correlations between depth and the nitrogen forms or 
water temperature and the nitrogen forms were the 
result of the high correlation with the common 
parameter, total algae. Also noted in Table 0-33 is 
the 0.99 correlation between N03 -N and TIN. Since 
.nitrate nitrogen dominates the total inorganic nitr-
ogen, this correlation was essentially a correlation of 
NO 3-N with itself. Other pairs of parameters exhi-
biting this self correlation were: PO 4 -P and total 
ftltered phosphorus, total particulate and total unfIl-
tered phosphorus, pigmented plate count bacteria and 
total plate count bacteria. 
Only correlation coefficients (r) greater than 
0.89 or 89 percent will be discussed in detail for each 
sample date. Table 8 gives approximate 95 percent 
confidence limits for various sample sizes and r's. r's 
are expressed as percentages because of convenience 
in listing data. A line of zeros in the matrix indicates 
no data were available. The exception was during 
turnover (on November 17, 1973, Figure 38) when all 
correlation coefficients with temperature were cal-
culated ' to be zero. This occurred because the same 
temperature of 7.2 C was observed at all depths on 
this date. 
Care should be used in interpreting correlation 
coefficients of the natural log of relative verticO: 
illumination (LnRVI) with parameters other than 
depth, water temperature, and dissolved oxygen. 
Because of the limited number of observations for 
RVI these correlation coefficients were often calcu-
lated using only three or four sets of observations. 
The confidence limits in these cases were quite large 
(see Table 8). Even when sufficient data were 
obtained the correlation coefficient only represented 
the top layer of water in which the light data were 
obtained. On March 19, 1974, (Figure 0-44) only 
two data points were obtainable for the RVI. Thus, 
spurious correlation coefficients of 1.0 or 100 per-
cent were obtained. The LnRVI correlated well with 
depth throughout the year as the theory on light 
extinction (Hutchinson, 1957) would suggest. 
May 26, 1972 
Limited analyses were performed on this sam-
ple. The relationship between water temperature and 
DO with depth had r's of -0.907 and -0.941 res-
pectively. 
June 9,1972 
Depth was the most common factor affecting r 
on this date. Water temperature, DO, and total algae 
all correlated with depth, having r's of -0.925, -0.893, 
and -0.909 respectively. The DO correlated both with 
depth and total algae with r's of -0.893 and 0.847 
respectively. 
June 22, 1972 
As with the previous sample date, depth seemed 
to be the common factor. Water temperature, DO, 
P04-P, total algae and the LnRVI had r's of -0.966, 
-0.905, 0.975, -0.898, and -0.997 respectively when 
correlated with depth. The r of 0.964 between TSS 
and TUP indicated that the source of phosphorus was 
the suspended solids and ultimately the sediments. 
The zooplankton correlated well with total algae with 
a coefficient of 0.904, indicating that the zoo-
plankton were associated with and probably feeding 
upon the algal populations. The correlation coef-
ficients for P04-P and N03 -N with the LnRVI 
indicated that both of these parameters increased 
with depth through the upper 10m in which the light 
data were -taken. 
Table 8. Table showing approximate confidence limits for the population correlation, given the sample number 
(m) and coefficient (r). Confidence coefficient = 0.95. Taken from Handbook of Tables for Prob-
ability and Statistics (Beyer, 1966). 
r 
m 
0.8 0.85 0.90 0.95 0.99 
3 -0.83 to 0.99 -0.81 to 0.99 -0.76 to 0.99 -0.65 to 0.99 -0.30 to 0.99 
5 -0.22 to 0.97 -0.09 to 0.98 -0.1 0 to 0.98 0.40 to 0.99 0.80 to 0.99 
10 0.33 to 0.94 0.45 to 0.95 0.60 to 0.97 0.79 to 0.98 0.95 to 0.99 
20 0.s5 to 0.91 0.64 to 0.93 0.75 to 0.95 0.88 to 0.98 0.96 to 0.99 
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July 5, 1972 
By this date algal populations began to increase 
and become a common factor along with depth. The 
total algae and depth had a correlation coefficient of 
-0.965, and each correlated well with water temper-
ature, DO, TUP, and TFP. The r of 0.924 was 
observed between TIN and NH4-N. The vertical 
profIles for NH4-N, N02-N, and NOrN were similar 
with maximums occurring below the thermocline. 
The correlation coefficient of 0.968 for DO and 
zooplankton can only be explained by the similarities 
. in vertical profIles, indicating the zooplankton may 
orient according to DO. 
July 19,1972 
Again depth was the common relationship. 
Water temperature, DO, TUP, TFP, and P04-P all 
correlated well with depth with r's of -0.990, -0.940, 
0.939, 0.942, and 0.942 respectively. As with the 
previous sample date and likely for the same reason, 
the correlation coefficient between DO and zoo-
plankton was high with r of 0.892. 
August 2, 1972 
The total algae defined the system on this 
sample date. Chlorophyll a, IFC, NO~ ·N, DO, and 
water temperature had r's with total algae of 0.964, 
-0.967, -0.946, 0.949, and 0.908 respectively. The 
high negative correlation of total algae with IFC and 
N03-N indicate utilization of these compounds by 
the algae. Depth was correlated well with water 
temperature, DO, P04-P, and the LnRVI with the 
coefficients of -0.987, -0.944, 0.96, and -0.999 
respectively. The correlation coefficient between 
depth and total algae was -0.874 on this date . Many 
correlations were found with the LnRVI, but this 
parameter represents only the surface to 8 m. The 
-0.928 correlation coefficient between total algae and 
the diversity index was a result of the algal diversity 
increasing as the total algal population decreased. 
August 14, 1972 
Again the system was defined by depth and 
total algae. Chlorophyll a, N02-N, TSS, DO, water 
temperature, and depth correlated with total algae 
with coefficients of 0.928, 0.937, 0.964, 0.965, and 
-0.929. Depth correlated well with water temper-
ature, DO, total algae and the LnRVI with r's of 
-0.975, -0.936, -0.929, and -0.997 respectively. 
August 30, 1972 
Conditions had changed by this sample date. 
The start of the fall overturn had lowered the 
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thermocline 2 m. The maximum Aphanizomenon 
concentrations were found at 5 m. The effect of these 
conditions was to ' change the trends of the system. 
Not as many high correlation coefficients were found 
on this sample date. Depth still correlated well with 
the water temperature, DO, and the LnRVI. The 
effect of the algal populations on N03 -N was 
observed with correlation coefficient of -0.910, indi-
cating the uptake of N03-N by the Aphanizomenon 
bloom. 
September 13, 1972 
By this date in September the gradual begiriiiing 
of the fall overturn was continuing to change the 
system. No longer were depth and total algae the 
dominating factors concerning the correlation coef-
ficients; instead, they were replaced by TSS. NH4-N, 
TUP, TUC, and total bacteria all correlated well with 
TSS with r's of 0.921, 0.976, 0.912, and 0.979 
respectively. The high correlation (0.999) found 
between the total and pigmented bacteria was be-
cause the pigmented bacteria were a consistant 
percentage of the total bacteria. The zero correlation 
coefficient between temperature and the LnRVI was 
real and was due to the isothermal conditions in the 
upper 6 m. 
September 29, 1972 
The effect of TSS was more pronounced on this 
date. DO, NH4-N, TIN, TUP, P04-P, and total 
bacteria all correlated well with TSS with r's of 
-0.953, 0.986, 0.911, 0.910, 0.919, and 0.970 res-
pectively. The same interrelationship that appeared 
on the previous sample date with the total and 
pigmented bacteria and TSS was again observed. 
Again the observed zero correlation between water 
temperature and the LnRVI was real. 
October 18, 1972 
By this time the fall overturn was well esta-
blished and the number of high correlation coef-
ficients was reduced considerably. Only the first 11 m 
were sampled for parameters on this sample date. The 
large number of r's with the LnRVI was repre-
sentative of only the upper 5 m. Depth was correlated 
with N02-~, chlorophyll a, and the LnRVI with r's 
of 0.912, -0.923, and -0.983 respectively. The corre-
lation coefficient between total algae and DO was 
0.915 indicating the algae as a source of DO. 
The apparent high correlation between N02-N 
and P04-P was a freak of the data. Both N02-N and 
P04-P concentrations were virtually constant at all 
depths except for 10 m. Thus the r of -0.988 was 
calculated from essentially two points. 
November 3,1972 
Again, as in October, the number of high 
correlations were quite low. TSS still correlated with 
DO and total bacteria with r's of ·0.938 and 0.911 
respectively. The depth correlated with water tern· 
perature, total algae, and the LnRVI with r's of 
·0.969, ·0.923, and ·0.955 respectively. The apparent 
high correlation between pH and depth was due to 
the very small decrease in pH with depth. The 
correlation has little Significance because for practical 
purposes the pH was uniformly distributed. 
November 17, 1972 
As with the previous sample dates during the 
fall, the number of high correlations remained min· 
imal. On this date the TSS were again the dominating 
(actor. TSS correlated highly with PO 4'P (0.909) and 
total bacteria (0.968), which correlated well (0.923) 
with each other. The LnRVI correlated well with 
many parameters, but these were calculated with only 
four data points and were representative of the top 4 
m. The depth and water temperature had an r of 
·0.903. 
December 20,1972 
This was the first sample date after ice forma· 
tion. The number of high correlations were not as 
numerous as during the summer. The total bacteria 
were correlated with total algae (0.941) and TSS 
(0.949). The total algae also correlated with chlor· 
ophyll a (0.954) and water temperature (-0.910). 
P04·p was also an important factor having correlatiorl 
coefficients of ·0.936 and 0.910 with DO and depth. 
Noted also was the change in sign of the r between 
depth and water temperature once ice formed and as 
inverse stratification of the water temperature was 
established. . 
January 6, 1973 
The correlation coefficients on this sample date 
were similar to the previous sample dates under the 
ice. P04·p had r's of ·0.920, 0.977, and 0.978 with 
DO, water temperature and depth, respectively. The 
TSS no longer correlated with the total bacteria, 
although the total bacteria had an r of 0.964 with the 
total algae indicating a possible dependence of the 
bacterial population on the algae as a source of 
organic matter during the winter. Chlorophyll a, 
inorganic carbon, and water temperature had cor· 
relation coefficients of 0.997, 0.945, and ·0.935 
respectively with the total algae. 
January 27, 1973 
The winter algal bloom had developed and the 
total algae dominated the r's. Chlorophyll a, PO 4'P, 
N03 ·N, and DO all correlated with total algae with 
coefficients of 0.993, ·0.965, ·0.902, and 0.955 
respectively. TSS did correlate well with N03 ·N and 
TUC with (s of 0.948 and 0.911 respectively. 
February 10, 1973 
The effects of the winter algal bloom were still 
being observed , with the total algae being correlated 
with chlorophyll a (0.993) PO 4'P (.0.919), N03'~ 
(·0.987), and total bacteria (0.941). Depth did 
correlate with DO and TFP with r's of ·0.916 and 
0.927 respectively. 
February 24, 1973 
The total algae continued to dominate the r's. 
Chlorophyll a, total bacteria, water temperature, DO, 
NH4·N, and N0 2·N had r's of 0.941,0.926, ·0.937, 
0.918,0.981 , and 0.933 respectively with the total 
algae . I t was also noted that NH4·N and N02 ·N 
correlated positively with the total algae, indicating 
the algal popUlation as a possible source of NH4·N 
and N0 2·N through bacterial degradation. This was 
further supported by the r of 0.926 between the total 
algae and the total bacteria. 
March 10, 1973 
Although the algal concentrations had declined 
considerably since the algal bloom, distribution pat· 
terns of the total algae with the nutrient patterns had 
already been established. Total algae correlated with 
P04 .p, NOs.·N, DO, and depth with coefficients of 
·0.936, ·0.942, 0.953, and ·0.905. The real common 
factor over the r's appeared to be the LnRVI. The 
calculations for the coefficients with LnRVI were 
based on six data points and were representative of 
the top 11 m. Total bacteria, IFC, TUC, N03 ·N, 
N0 2·N, DO, and depth had r's of 0.961, ·0.953, 
·0.951, ·0.900, ·0.899, 0.924, and ·0.953 respectively 
when correlated with the LnRVI. 
March 27, 1973 
As with the previous sample date the high light 
penetration allowed a significant amount of data to 
be obtained for the LnRVI. Total bacteria, total 
algae, IFC, P04 'p, N03 ·N, N02 ·N, NH 4·N, DO, and 
depth correlated with the LnRVI with r's of 0.894, 
0.953, ·0.932, ·0.988, ·0.983, 0.915, 0.955 , 0.984, 
and ·0.979 respectively. This many high correlations 
can only be interpreted as illustrating the dependency 
on light as a source of energy during the winter. The 
total algae also correlated well with P04 ·p (·0.946), 
DO (0.984), water temperature (.0.946), and depth 
(·0.956). 
April 17, 1973 
An algal bloom at the spring overturn once 
again resulted in the numerous r's with total algae. 
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Chlorophyll a (0.942), pigmented bacteria (0.944), 
IFC (-0.934), TUC (-0.914), P04-P (-0.981), N0 3 -N (-0.925), TSS (-0.903), DO (0.970), and water 
temperature (0.969) all correlated well with total 
algae. All of the r's of 1.0 observed for the LnRVI 
were the result of the lack of data (two points will 
produce a perfect correlation of 1.0). Notice the 
change in the sign of the r between depth and water 
temperature; during the entire winter the r was 
positive through inverse thermal stratification. 
April 28, 1973 
With the dissipation of the algal bloom and 
mixing by the spring overturn, the number of high r's 
decreased. During this period of mixing no common 
related parameters were observed but depth did have 
several high correlations. Water temperature, DO, 
NH4-N, and the LnRVI had coefficients of -0.913, 
-0.985, 0.890, and -0.985 respectively with depth. 
The total and pigmented bacteria were positively 
correlated (0.904 and 0.922) with water temperature. 
This was a period when the bacterial populations 
were being established by the resuspension of solid 
materials from the sediments after the winter. At this 
time the higher concentrations were found in the 
upper waters where the water was the warmest. 
May 12,1973 
Once again depth was established as the most 
common factor influencing the r's. Depth was found 
to correlate with water temperature, DO, TSS, 
NH4 -N, N02 -N, N03 -N, P04-P, and the LnRVI with 
coefficients of -0.861, -0.979,0.899,0.877,0.981, 
0.937, 0.966, and -0.966 respectively. 
May 30,1973 
On the last sample date before beginning 
artificial de stratification , depth was once again the 
common factor influencing the r's. Water tempera-
ture, DO, PO 4-P, and the LnRVI were correlated with 
depth with coefficients of -0.898, -0.924, 0.947, and 
-0.987 respectively. The zooplankton correlated well 
(0.933) with the total algae. The total algae once 
again had a high correlation coefficient of 0.890 with 
N02l-N. NOl-N also had a 0.911 correlation co-
efficient with water temperature. 
June 9,1973 
On the first sample date after beginning 
artificial destratification, only the first 14 m were 
sampled due to a failure of the Kemmerer water 
bottle. Even though the algal populations were low 
they still influenced the r's. Chlorophyll a, P04 -P, 
N02 -N, DO, water temperature, depth and the 
LnRVI all correlated with total algae with r's of 
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0.931, -0.922, -0.944, 0.973, 0.955, -0.941, and 
0.952 respectively. The total bacteria were negatively 
correlated with dissolved oxygen (-0.905). 
June 25, 1973 
The influence of total algae on the r's was 
replaced with depth on this sample date. Water 
temperature, DO, P04-P, total bacteria and the 
LnRVI had r's of -0.928, -0.966, 0.911, 0.917, and 
-0.964 respectively when correlated with depth. The 
positive correlation coefficient of 0.922 between 
chlorophyll a and zooplankton illustrates the large 
number of zooplankton that were found with the 
algae as occurred at the same time during the previous 
year. 
July 12, 1973 
The system was once again influenced by depth 
relationships. Depth was correlated with water temp-
erature, DO, N02 -N, P04-P, and the LnRVI with 
coefficients of -0.946, -0.969, 0.928, 0.924, and 
-0.933 respectively. The high correlation between 
NH4-N and the TIN indicated that NH4-N was a 
consistent fraction of the TIN. 
July 28, 1973 
Both total algae and depth were common 
factors influencing the r's on this date. Depth was 
correlated with water temperature, DO, and the 
I LnRVI with r's of -0.982, -0.908, and -0.994. N02-N, 
DO, and water temperature had r's of 0.947,0.949, 
and 0.907 respectively when correlated with the total 
algae. 
August 15, 1973 
Depth correlated with water temperature 
(-0.941), DO (-0.933), N02 -N (0.897), N0 3 -N (0.941), and the LnRVI (-0.975). Depth did not 
correlate well with chlorophyll a or total algae 
because substantial amounts of both were found in 
the lower depths of the reservoir. The high cor-
relations of P04-P and the nitrogen parameters were 
normally interrelated through another parameter, but 
on this date neither the total algae or chlorophyll a 
correlated with either the phosphorus or nitrogen 
parameters for the same reasons. TSS had a correla-
tion coefficient of 0.895 with TUP. Again the 
zooplankton correlated highly (0.898) with the total 
algae. 
August 28, 1973 
Total algae correlated well with chlorophyll a 
(0.926), N03 -N (-0.931), N02 -N (-0.943), DO 
(0.943), water temperature (0.915) , and depth 
(-0.945), while depth correlated well with water 
temperature (-0.927), DO (-0.985), NH4-N (0.945), 
NO 2-N (0.990), N03 -N (0.979), total algae (-0.945), 
and the LnRVI (-0.985). 
September 12, 1973 
Even though the fall overturn had begun , the 
depth was again the most important factor in-
fluencing the correlation coefficients. The parameters 
found correlating with depth were water temperature 
(-0.961), DO (-0.976), NH 4-N (0.940), N02-N (0.969) , N0 3 -N (0.970), and P04 -P (-0 .952). 
September 29,1973 
The natural overturn had been established by 
this date and the number of high correlations began 
to decline. Depth only correlated with DO (-0.963) 
and P04-P (0.961 ). As with the previous fall the TSS 
influenced the water quality with obvious results on 
the r's . PO 4 -P, DO, and water temperature correlated 
with the TSS with r's of 0.912, -0.944, and -0.956. 
October 13, 1973 
The natural overturn combined with artificial 
destratification continued to reduce the number of 
high r's. TSS correlated with NH4-N, P04-P, and DO 
with coefficients of 0.959, 0.972, and -0.922, in-
dicating that the TSS from the sediments serve as a 
source of NH4 -N and PO 4-P while serving as a sink 
for DO. Total algae were also found to correlate in a 
positive manner with zooplankton (0.897) and wate. 
temperature (0.911). 
November 3,1973 
The least number of high correlation co-
efficients during the research period was observed on 
this sample date. The only significant r's were found 
between depth, temperature, DO, and LnRVI. The 
reason for the lack of high correlation coefficients 
was attributed to the uniform distribution of all 
parameters by the fall overturn and by artificial 
destratification. 
November 17,1973 
The reduced number of high correlation co-
efficients continued on this sample date. The TSS 
again appeared to be the most common parameter 
influencing r's, with r's of -0.975 and 0.942 for DO 
and total bacteria. Chlorophyll a had correlation 
coefficients of 0.905 and -0.920 with DO and depth. 
The zero coefficients observed for water temperature 
were real correlations and resulted from the iso-
thermal conditions. The number of correlations 
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found for LnRVI were calculated from three data 
points and were representative of only the top 4 m. 
December 16, 1973 
Because of the operation of the artificial 
destratification equipment on a limited basis, an 
inverse stratification was observed before ice forma-
tion. The change of sign on the depth-water tempera-
ture correlation coefficient was a result of this inverse 
stratification. The only significant correlation found 
was between TUP and chlorophyll a with an r of 
0.893. 
January 12, 1974 
The number of significant correlations re-
mained low after ice formation. DO dominated and 
was correlated with depth, TSS, and P04 -P with r's of 
-0 .891 , -0.917 , and -0.937 respectively. 
January 26, 1974 
Again the number of significant correlations 
was limited. DO correlated with total algae, depth, 
and TSS with r's of 0.920, -0.937, and -0.933 
respectively. Depth correlated with DO (-0.937), TSS 
(0.983), and the LnRVI (-0.948). And total algae 
correlated with chlorophyll a (0.935), DO (0.920), 
and LnRVI (0.994). 
February 9,1974 
Limited correlations were observed on this 
date . P04-P had r's of 0.915, 0.933, and -0.928 when 
correlated with depth, water temperature, and DO 
respectively. Total algae and total bacteria had a 
correlation of -0.891, implying that the algae were 
not the source of organic matter for the bacteria as 
they were during the previous winter. The DO did 
correlate with the water temperature with an r of 
-0.938. 
February 23, 1974 
The correlation coefficients were similar to the 
previous sample date. PO 4-P had correlations with 
depth and DO with coefficients of 0.941 and -0.947. 
Dissolved oxygen also correlated with water tempera-
ture with an r of -0.977. 
March 19, 1974 
The 1974 spring overturn produced less correla-
tions than the previous year. The difference was the 
algal bloom that was observed in 1973. Depth was 
correlated with DO, TSS, and IFC with coefficients 
of -0.895, -0.906, and 0.890. Zooplankton and water 
temperature were negatively correlated with a co-
efficient of -0.894. The correlation coefficients of 
1.00 and 0.00 observed for the LnRVI were the result 
of minimal data. 
Section IV. Correlation Coefficients for 
Single Dimensioned or Non-Depth 
Parameters of Hyrum Reservoir 
The correlation coefficient matrices (Figures 
D-I and D-2 of the appendices) were calculated for 
each year of the project. Care must be taken in 
interpreting the coefficients because no data were 
~ taken during the months of April and May 1972. The 
result was high r values for the relationship between 
air temperature, water temperature, nitrite versus 
time. 
The first year (Figure D-I) of the research 
produced some interesting r's. N02-N was found to 
correlate with water temperature and pH with co-
efficients of 0.926 and 0.833. N02-N often was 
positively correlated with DO and total algae in the 
analysis of the individual sample dates. The involve-
ment of these four parameters with N02 -N suggests 
that the algal populations were involved in some 
complex manner with the nitrification process. 
The TSS had correlation coefficients of 0.903 
and -0.835 with pH and percentage of pigmented 
bacteria. The negative correlation between TSS and 
percent pigmented bacteria would indicate that the 
pigmented bacteria were a greater portion of the 
populatipn when TSS were lower. Conversely, non-
pigmented forms dominated the bacterial populations 
when the TSS were higher. 
K had a r of 0.844 with the inverse of the 
Secchi depth (l/Secchi). Total unfIltered phosphorus 
data were incomplete and conclusions drawn from 
the apparent correlations with ammonia and in-
organic carbon would not be representative of the 
first year. No data were taken during the first year for 
total and fecal coliforms; therefore zeros appear in 
the r matrix. 
The number of correlation coefficients whose 
absolute value was greater than 0.800 had declined in 
the second year (Figure D-2) of the research. Air 
temperature and water temperatures were correlated 
with a coefficient of 0.853. Total suspended solids 
were correlated with the K e, I/Secchi and total and 
fecal coli forms with coefficients of 0.930, 0.934, 
0.896, and 0.834. The high correlation between total 
and fecal coli forms with total suspended solids 
identifies a source of the coliform populations since 
the source of most of the suspended solids was the 
sediments. The significant positive r's between Ke , 
I/Secchi and TSS were expected because suspended 
solids are a major factor in light penetration. Again 
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Ke was positively correlated with I/Secchi with a r of 
0.938. The water temperature had a coefficient of 
-0.802 when correlated with P04 -P, indicating the 
reduction of P04 -P uptake by algae at colder temp-
eratures. The dominance of the Aphanizomenon 
bloom over the total algal populations during the 
destratified year is illustrated by high r's of 0.990 
between Aphanizomenon and total algae and 0.967 
between Aphanizomenon and chlorophyll a. 
Section V. Results from the 
Little Bear River 
Beginning on April 28, 1973, the same chemical 
analyses performed on water samples from Hyrum 
Reservoir were also performed on water samples 
from the Little Bear River. The Little Bear River 
accounts for about 90 percent of the annual influent 
to Hyrum Reservoir (Luce, 1974). The maximum 
flow has been 57 m2 /sec (~ 2000 cfs) while the 
minimum flow was 0.093 m3 /sec (~ 4 cf~. The 
maximum average annual flow of 1.27 x 10m2 /yr 
( ~ 102,000 ac-ft/yr) was recorded in 1972, the first 
year of this research. The average annual flows for the 
Little Bear River near Paradise appears in Table E-I 
of Appendix E. Samples were obtained by taking the 
pontoon boat approximately 50 m upstream from the 
reservoir. During the period of ice cover it was 
necessary to walk overland to the river to obtain a 
sample. A total of 19 samples were obtained over a 
period of a year. The data obtained appear in Tables 
B-1 through B-41 of the appendices. The data have 
been summarized and appear in Table 9. Each 
parameter will not be discussed individually. 
VVatertennperature 
The water temperature has been plotted and 
appears in Figure 51. Nothing unusual was noted in 
regards to the water temperature. The temperature 
was 7.0 C on April 28, 1973. The temperature then 
increased through the spring and summer until a 
maximum temperature of 16.1 C was observed on 
July 12, 1973. The temperatures then declined and 
continued to decline until a minimum temperature of 
2.0 C was observed on February 23, 1974. In general 
the temperature of the Little Bear River was colder 
than Hyrum Reservoir. 
Dissolved oxygen 
In general, the DO was dependent upon the 
water temperature. The higher concentrations were 
found when the waters were the coldest. As a result 
the lowest concentrations of DO were found during 
the summer months (Figure 52) when the waters 
were the w~rmest. The lowest concentration of 7.3 
mg/l was observed on June 22, 1973, while the 
0'\ 
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Table 9. Chemical, physical, and biological parameters of the little Bear River, April 28, 1973 through March 19,1974. 
Date 
Mo·Oa·Yr 
4-28-73 
5-12-73 
5-30 - 73 
6-09-73 
6-22-13 
7 - 1Z-73 
7-28-73 
8-15-73 
9 - 12-73 
9-29-73 
10 - 13 -73 
11-03-73 
11 - 17-73 
12- 16 - 73 
1-12-74. 
I - Z6-74 
2-0 9-74 
2- 23-74 
3-19-74 
Max 
Air 
Temp. 
. °c 
22. Z 
lb. 6 
26. I 
35.6 
3Z. Z 
32 . Z 
34.4 
33 . 3 
Z6. 7 
Z3. Z 
21.7 
4.4 
4.4 
7. Z 
0 . 0 
7 . Z 
Z. Z 
3. 7 
11.7 
Water 
Te mp. 
°c 
7.0 
8.8 
10.5 
11.7 
IZ.7 
16. I 
15.3 
14 . 4 
13.7 
12 . 1 
10 . Z 
5.8 
6. 8 
4.0 
Z. 8 
2. 0 
3.0 
Dissolved 
Oxygen 
mgll 
10 .9 
11. ~ 
11.1 
8.7 
7 . 3 
8 . 6 
8. 6 
9. 4 
9.4 
10.5 
11. 7 
IZ.4 
10.4 
11 . 1 
10.6 
IZ. 7 
12.0 
11.1 
Total 
Suspended 
Solids 
mgll 
11 9 
64.4 
40. Z 
ZI. 3 
8.8 
7. I 
3Z.7 
ZI. 4 
50.9 
II. 8 
18. Z 
3.4 
8.5 
ZO.4 
5.86 
14. I 
5.3 
4.6 
56.0 
pH 
7.4 
7 . 2 
7.6 
7. Z 
7 . 4 
7.9 
9.0 
8.7 
8.8 
8.6 
8.5 
8.2 
8.6 
8. Z 
8.3 
8. 4 
8.3 
8.5 
Ammoniwn 
Nitrogen 
~ gi l 
87.3 
94.6 
48.4 
95.4 
ZOO 
158 
413 
Z I' 
177 
162 
14 6 
162 
256 
51. 4 
67.6 
li S 
108 
Nitrlle 
Nitrogen 
~gll 
5.8 
5.9 
4.8 
9.8 
19 . 7 
31.7 
20.5 
51.7 
28.7 
22.2 
18.8 
12.8 
11.4 
8.5 
6. 7 
5.8 
6.1 
5.1 
4.2 
", 
NitT ate 
i\llrogc n 
"K/I 
403 
342 
504 
751 
84 8 
2.1 80 
2,280 
I, : ,0 -
81 
837 
624 
592 
611 
55 3 
1,260 
1 , 180 
1,240 
1,460 
7Z1 
Total 
ln o rg. 
Ni trogen 
"gil 
496 
44 3 
909 
963 
2,410 
2 , 460 
1,730 
1,220 
1,040 
805 
751 
78. 
816 
1,320 
1,) 10 
1,580 
835 
Tota l 
Unfilt. 
Phos. 
eg l l 
;;~ 
157 
161 
88. Z 
15 8 
179 
253 
94. 4 
87.6 
137 
99 .5 
III 
128 
88.9 
19) 
Total 
Filt. 
Phaa- . 
~gll 
liS 
55.1 
73.9 
53.7 
114 
87 . 1 
56.3 
128 
118 
95. 4 
98.2 
57.5 
69.2 
59.4 
54.8 
8Z.3 
70.7 
61.2 
56.6 
Ortho (no rg. 
Fill. F i ll. 
Pha" Carbon 
eg ll mgll 
36.4 
26.5 
26.2 
30.0 
49. Z 
61. 5 
52 . 0 
91. 5 
'/4.3 
44 . I 
55.6 
4Z .2 
50.9 
46. 5 
48.2 
52 . 7 
5 3. 9 
56.6 
35.5 
34.4 
56. 5 
50 . 4 
6 1. 0 
54.8 
5 1.0 
54. 0 
6 6. 0 
63.0 
58.6 
69.9 
39 . 0 
Chiaro 
egl l 
3.0 
0.7 
0. 7 
2 . 3 
1.0 
0.6 
1. 9 
1.1 
0 . 8 
2. 1 
4 . 0 
6. 5 
9.0 
1.1 
0 .7 
1. 5 
0. 7 
Z.8 
Total 
Pla te 
Count 
Ba ct. 
du/ml 
90 
41 
5> 
80 
196 
73 
IZ 6 
1 10 
770 
51 
48 
14 
19 
46 
6 1 
48 
44 
28 
26 
Pig. 
Plat e 
Count 
Ba ct. 
du/ml 
65 
24 
37 
42 
105 
lZ 
43 
34 
360 
29 
24 
21 
7. b 
14 
J6 
28 
24 
13 
10 
Percent 
Pig. 
Bact . 
72 
5 10 
67 
5 1 
54 
30 
29 
3l 
47 
5 7 
50 
b2 
40 
30 
59 
58 
55 
4 6 
38 
T o tal 
Colifo rm 
! I IOO ml 
640 
600 
3 10 
210 
17 0 
150 
99 
95 
2) 
66 
82 
Fecal 
Co lifo rm 
HIIOO ml 
11 0 
68 
190 
150 
130 
130 
79 
13 
10 
13 
6 1 
45 
6 . 2 
2. 5 
7.5 
26 
Flow 
m
3
/sec 
10. J 
11. 9 
6.43 
J .99 
2.46 
1.30 
1. 6 1 
l. 36 
2. 39 
l. 87 
1. 95 
1. 53 
I. 70 
I. 70 
1. 84 
I. 90 
1.75 
1.7 5 
4. 84 
l 
I 
I I i 12 j 
9: 6 -1 ~ I I ~ 01, 1'1 I I I I ,~ 
FPR MAY JUN JL y FU3 SEP OCT NOV DEC .JAN FEB MAR 
TIME + l 1973-1974-) 
Figure 51. Water temperature of the Little Bear Riv~r for 1973-74. 
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Figure 52. Dissolved oxygen concentration in the Little Bear River for 1973-74. 
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highest concentration of 12.7 mg/l was observed on 
February 9, 1974. 
T otaI suspended solids 
The TSS varied with flow. The highest con-
centration of 119 mg/l was observed on April 28 , 
1973 (Figure 53), during the spring runoff. The TSS 
concentrations declined with the runoff, and then 
fluctuated at a lower level until the spring runoff was 
again observed on March 19, 1974. The TSS in the 
Little Bear River was greater than Hyrum Reservoir 
for most of the time . 
pH 
The pH was quite low during the spring (Figure 
54). A pH of 7.2 was observed on May 12 ,1973, and 
June 22 , 1973. The pH increased and a maximum pH 
of 9.0 was observed on August 15 , 1973, indicating 
increased algal activity in the stream due to the 
presence of large amounts of attached algae on the 
r·ocks. The pH then remained between 8.2 and 8.7 for 
the remainder of the sample period . The pH did not 
decline during the spring of 1974 as it did in the 
spring of 1973. The pH in Hyrum Reservoir was 
essentially the same pH as was observed in the Little 
Bear River. 
Ammonium nitrogen 
The NH4-N concentrations varied from 50 to 
400 11 gil as observed in Figure 55. The highest 
concentrations were found during the summer, and 
the lowest during the winter when microbial activity 
was at a minimum. The maximum concentration of 
413 11 gil was observed on August 15, 1973, while the 
minimum concentration of 51.4 Ilg/1 was observed 
on January 12, 1974. The NH4-N concentrations 
were greater in the Little Bear River than in Hyrum 
Reservoir. The higher NH4 -N concentrations were 
undoubtedly from the dairy operation located just 
upstream from the reservoir. 
Nitrite nitrogen 
Like NH4-N, N02 -N concentrations were high-
est during the. summer_ and fall when the microbial 
activity was the highest. This is illustrated in Figure 
56. The maximum concentration of 51.7 11 gil was 
observed on August 15, 1973, and the minimum 
concentration of 4.2 Ilg/1 was observed on March 18 , 
1974, during the spring runoff. 
Nitrate nitrogen 
The N0 3 -N plots of Figure 57 illustrate two 
periods of high N03 -N concentration. The periods of 
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high N0 3 -N concentration were during the summer 
when Significant amounts of irrigation return flow 
entered the river and during the winter when 
essentially all the flow was from groundwater. During 
the summer the maximum concentration of 2,280 
11 gil was observed on July 28, 1973 . The maximum 
winter concentration of 1,460 Ilg/1 was observed on 
February 23 , 1974. The lowest concentration of 342 
11 gil was observed on May 12, 1973, during the 
runoff. Except for the period of runoff the N03 -N 
concentrations were greater in the Little Bear River 
than in Hyrum Reservoir. 
Total unfIltered phosphorus 
The TUP concentrations fluctuated con-
Siderably during the sampling period (Figure 58). The 
highest concentra tion of 358 Ilg/1 was observed on 
April 28, 1973, the same date on which the · 
maximum TSS was observed . General trends were not 
obvious except that during the spring runoff, the 
increased suspended solids resulted in the maximum 
TUP concentration . 
Total ftltered phosphorus 
The TFP concentration also fluctuated in con-
centrations over the year (Figure 59). In general the 
highest concentrations were found during the runoff 
and during the summer. The range of TFP concentra-
tions was 50-128 Ilg/1 with the maximum of 128 
Ilg/1 being observed on August 15 , 1973. 
Filtered orthophosphate phosphorus 
The plots of P04 -P with time in Figure 60 
clearly illustrate the high concentration found during 
the summer months. The maximum P04 -P concentra-
tion of 91.5 1lg/1 was observed on August 12, 1973. 
The lower concentrations were observed during the 
spring runoff, with a minimum concentration of 26.2 
11 gil being observed on May 30, 1973. The PO 4-P 
concentrations in the Little Bear River were higher 
than those in Hyrum Reservoir . 
Inorganic filtered carbon 
The concentrations of IFC ranged from 35·70 
mg/l in the Little Bear River. The seasonal trends are 
readily apparent from Figure 61. Low concentrations 
of IFC were observed during the spring of both years, 
when the water was from the snow melting. The 
highest concentrations of inorganic carbon were 
observed in the winter when most of the flow of the 
Little Bear River was from groundwater. Although 
Hyrum Reservoir illustrated the same annual cycle for 
IFC the concentrations did not fluctuate as widely. 
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Figure 53. Total suspended solids concentrations in the little Bear River for 1973-74. 
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Figure 54. pH values in the little Bear River for 1973-74. 
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Figure 55. Ammonium nitrogen concentrations in the Little Bear River for 1973-74. 
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Figure 56. Nitrite nitrogen concentrations in the Little Bear River for 1973-74. 
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Figure 57. Nitrate nitrogen concentrations in the Little Bear River for 1973-74. 
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Figure 58. Total unfIltered phosphorus concentrations in the Uttle Bear River for 1973-74. 
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Figure 59. Total filtered phosphorus concentrations in the Uttle Bear River for 1973-74. 
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Figure 60. Filtered orthophosphate phosphorus concentrations in the little Bear River for 1973-74. 
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Chlorophyll a 
The chlorophyll a concentrations were very low . 
in the Little Bear River during the year (Figure 62). 
The high concentrations of 5.9 Jl gil observed in 
November and December were probably pheophytin 
a which was being released into the water from the 
submerged surfaces of the river The chlorophyll a 
concentrations listed in Table 9 were not corrected 
for pheophytin. Acidification for determination of 
pheophytin was attempted for Little Bear River 
samples, but upon acidification the turbidity in-
creased tremendously making pheophytin determina-
tions useless. In general no significant amounts of 
chlorophyll a were found in the waters of the Little 
Bear River as were found in Hyrum Reservoir. 
Total bacterial plate count 
The total plate count bacteria concentrations as 
presented in Table 9 have been plotted in Figure 63. 
The concentration varied (19,000-770,000 cfu/ml) 
but in general the high concentrations were found in 
the summer and the lower concentrations were 
observed in the winter. The maximum concentration 
of 770,000 cfu/rnl was observed on September 12, 
1973, during a storm and increased runoff. The total 
suspended solids also increased at this time. The 
bacteria observed in the Little Bear River were 
composed of a different flora of bacteria with the 
pigmented forms composing approximately 50 per-
cent of the total population (Figure 64). The total 
bacterial concentrations in the Little Bear River were 
consistently higher than Hyrum Reservoir. The higher 
bacterial concentrations were consistent with higher 
TSS observed in the Little Bear River. 
Total and fecal coliforms 
Both the total and fecal coliforms followed the 
same general trend as the total plate count bacteria. 
Concentrations of both total and fecal coliforms were 
greater during the summer, Figures 65 and 66. The 
highest total and fecal coliforms of 640/100 ml and 
190/100 rnl were both observed on July 12, 1973. 
Cattle grazed along both banks of the Little Bear 
River upstream of Hyrum Reservoir and were be-
lieved to be the source of the coliforms. Also many 
feedlots adjacent to the stream banks are located in 
the Little Bear River drainage. Both coliform popula-
tions maintained low levels during the winter. The 
lowest total coliform concentration of 23/100 ml was 
observed on February 9, 1974, while no fecal 
coliforms were found on January 12, 1974. This may 
have been due to the fact that no runoff occurs 
during this period and cattle were kept in more 
sheltered locations, thus the input of coliforms was 
minimized. Substantial die-off occurs in Hyrum 
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Reservoir as considerably lower concentrations of 
total and fecal coliforms were observed in Hyrum 
Reservoir. 
Section VI. Correlation Coefficients 
for Water Quality Parameters of the 
Li ttle Bear River 
The r's (Figure D-3) were calculated for each 
parameter from the Little Bear River over the year 
period. Very few r's over 0.890 were observed so the 
discussion has been expanded to include r's of 0.800 
or greater. Water temperature was found to correlate 
with air temperature, total coliforms, and fecal 
coliforms with r's of 0.911, 0.806, and 0.852. The 
survival rate of coliforms in water was dependent 
upon water temperature explaining the significant 
correlations. 
The TSS and the inorganic ftltered carbon were 
inversely correlated with an r of -0.801. This inverse 
relationship is easily understood if the sources of 
waters for the Little Bear River are examined. Waters 
enter the river through surface water flow or ground-
water flow. Surface water flow as exemplified by the 
spring runoff was characteristically high in TSS and 
low in inorganic ftltered carbon. Groundwater flow as 
exemplified by winter flows was characteristically 
low in TSS and high in inorganic ftltered carbon, thus 
the inverse relationship between TSS and inorganic 
ftltered carbon. 
A high positive correlation of 0.903 was ob-
served between total and fecal coliforms. From this 
one could conclude that total coliforms were a good 
indicator of fecal coliforms and that total coliforms 
were indicative of fecal contamination. 
N02 -N was correlated with total coliforms with 
an r of 0.904. A possible explanation for this 
relationship stems from the fact that both the N02 -N 
and the total coliforms come from the same source 
(feedlots). During the winter the surface runoff was 
minimal thus the total coliforms or ammonia nitrogen 
entering the river was minimal. Also the cold temp-
eratures reduced the survival time of the coli forms 
and restricted the biological conversion of NH4-N to 
N0 2-N. The result was low concentrations of both 
total coliforms and NOrN in the winter. During 
periods of warmer weather and surface runoff the 
total coliforms increased and their survival time 
increased. During this time the NH4 -N levels and 
biological conversion to N02 -N increased. The result 
was that during the summer both total coliforms and 
N02 -N had high concentrations. 
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Figure 61. Inorganic filtered carbon concentrations in the little Bear River for -1973-74. 
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Figure 62. Chlorophyll a concentrations in the little Bear River for 1973-74. 
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Figure 63. Total plate count bacterial concentrations in the Little Bear River for 1973-74. 
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Figure 64. Total pigmented plate COWlt bacterial concentrations in the Little Bear River for 1973-74. 
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Figure 65. Total coliform concentrations in the Little Bear River for 1973-74. 
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Figure 66. Fecal coliform concentrations in the Little Bear River for 1973-74. 
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DISCUSSION OF RESULTS 
While either year of this study could not be 
considered typical years for stratification or de-
stratification, certain differences were observed and 
attributed to artifical destratification. The flow into 
the reservoir of 126 x 106m3 (102,200 ac-ft/yr) 
during the first year of the study (1972) was the 
highest flow recorded for the Little Bear River at the 
Paradise gaging station. The first impulse was to use 
the resultant lower residence times to explain the 
lower algal populations during the first year of the 
study. However this hypothesis was rejected when 
Murray's (1972) work was considered. Even though 
the flow in 1971 was substantially less (69.3 x 106 m3 
or 56,200 ac-ft/yr) than 1972 the timing and distribu-
tion of Aphanizomenon was the same. During 1971 
and 1972 the Aphanizomenon bloom first developed 
at the thermocline and was observed later at the 
surface following the beginning of the fall overturn. 
The flow of the Little Bear River, or the residence 
time in the reservoir, did not affect the timing or 
intensity of the Aphanizomenon bloom. 
The artificial destratification system installed in 
Hyrum Reservoir was not able to produce isothermal 
conditions; however, destruction of the thermocline 
was accomplished. The destratification process did 
lower the temperature differences from surface to 
bottom to 2-3 C. While artificial destratification 
redistributed heat throughout the reservoir, it did so 
without changing the average temperature of the 
waters. This is contrary to the 2 C increase in average 
temperature reported by Fast (1968) .. 
The effect of artificial destratification on the 
DO was similar to that observed for temperature, 
with the exception being periods of algal activity. By 
artificial de stratification the DO was redistributed to 
the lower levels in the reservoir where anaerobic 
conditions prevailed in previous years. This increase 
of DO in the former hypolimnion was also reported 
by Haynes (I 971). The increased weighted average 
DO levels observed during destratification were the 
result of increased algal activity during the 
Aphanizomenon bloom. Prior to the bloom during 
destratification the weighted average DO concentra-
tion was approximately the same as the stratified 
year, suggesting that only a minimal amount of 
o~ygen transfer occurred through the aeration 
process. 
7S 
Although ~ S was not measured, olfactory 
observations indicated no H2 S during the summer of 
artificial destratification. During the previous 
stratified period, H2S was quite noticeable. This 
observation was reinforced by the dam super-
intendent and the farmers in the area who observed 
that the irrigation water did not "smell" as it had in 
past years. The reduction in H2 S was attributed to 
the aerobic conditions maintained at the bottom of 
the reservoir during destratification. 
During August when the reservoir was 
stratified, only a minimum amount of suitable habitat 
existed for trout (Rich, 1960). During this time the 
epilimnion had sufficient DO but the water was too 
warm, while in the hypolimnion the water was cool 
enough for trout but lacked adequate concentrations 
of DO, thus leaving only a small layer of suitable 
habitat near the thermocline. The Utah State Division 
of Wildlife Resources considers 3 mg/l to be the lower 
DO limit and 21 C the upper temperature limit for 
suitable trout habitat (Pitman and Summers, 1973). 
With destratification the volume of suitable trout 
habitat increased. In August of 1973 only the top 1 
m and the bottom 2 m of the reservoir were not 
considered suitable trout habitat. 
The nitrogen cycle in Hyrum Reservoir was 
definitely altered as a result of artificial destratifica-
tion. The NH4-N and N02-N maximums observed 
below the thermocline during stratification did not 
develop when the lake was destratified. It was 
believed that artificial destratification destroyed an 
ecological niche just below the thermocline which 
was favorable for nitrification. Also artificial de-
stratification eliminated the anaerobic conditions, 
near the bottom, suitable for denitrification. The 
increased DO levels produced by artificial destratifica-
tion resulted in the inorganic nitrogen near the 
sediments being in the more oxidized form of N03 -N, 
rather than NH4-N. Thus, destratification increased 
N03 -N near the bottom and elimination of the 
NH4 -N and N02 -N maximums just below the 
thermocline resulted. It also decreased the weighted 
average concentrations for N02-N. 
Artificial destratification produced lower 
weighted average concentrations for N02-N in the 
summer and increased the winter weighted average 
concentrations of NH4-N, N02 -N, and N0 3 -N. The 
decreased concentrations of NH4 -N as observed in the 
upper 5 m of the distribution and the weighted 
average concentrations during the Aphanizomenon 
bloom indicated that NH 4 -N was being taken up 
directly by the Aphanizomenon. Following the reduc-
tion of NH4 -N by Aphanizomenon, the decomposi-
tion of the bloom and the fall overturn gradually 
increased NH4 -N concentrations. The rapid decrease 
in NH4 -N concentrations following ice formation 
indicated significant activity in the nitrogen cycle 
during the winter. 
The plots of the weighted average N02 -N 
concentrations for the two years illustrated the high 
concentrations during the summer. The higher con-
centrations during the summer indicate that the 
biological oxidation of NH4 -N to N0 2 -N occurred 
predominately during the warmer summer months . 
Higher concentrations of N02 -N were observed dur-
ing the winter of artificial destratification. 
The effect of the increased Aphanizomenon 
population that occurred during dest ratification was a 
substantial reduction in the N0 3 -N concentrations, 
indicating extensive algal uptake of N03 -N as well as 
NH4-N. The N03 -N concentrations reached a 
minimum during September and increased in the 
following months. The increased concentrations of 
NH 4-N and N03 -N during the fall again demonstrated 
significant nitrification. 
While activity in the nitrogen cycle has been 
demonstrated during the summer and fall, there was 
also evidence of substantial activity during the winter. 
The rapid decrease of NH4 -N after ice formation has 
already been mentioned. Artificial destratification 
produced higher concentrations of NH4-N, N02 -N, 
and N03 -N. The higher concentrations of the nitro-
gen parameters during the winter of destratification 
indicated significant nitrification was occurring and 
was believed to be related to the higher bacterial 
concentrations also observed during the winter of 
destratification. Because the NH4 -N, N02 -N, and 
N0 3-N remained substantial and the percentage of 
heterocysts remained low during the Aphaniiomenon 
bloom, nitrogen fixation was assumed to be insig-
nificant. 
Artificial destratification did have a pro-
nounced effect on the bacterial and algal populations. 
During destratification the thermocline was destroyed 
and its influence on the bacterial populations was 
eliminated. A similar observation was made by Collins 
and Willoughby (I962). As a result, the bacterial 
populations were more uniformly distributed . The 
uniform distributions were not a result of an actual 
physical mixing process. The vertical profile on 
September 12, 1973, verifies this statement. The 
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orange pigmented bacteria that dominated the 
maximum bacterial concentrations on that date were 
only found in significant numbers at depths of 2 and 
3 m. This illustrates that artificial destratification did 
not physically mix the bacterial populations. The 
percentages of pigmented bacteria increased during 
the summer as a result of artificial destratification. 
The winter bacterial concentrations increased from 
2000-6000 cfu/ml to over 27,000 cfu/ml during 
destratification. It is believed that during the winter 
the mixing process distributed throughout the reser-
voir ome organic compounds previously only ob-
tained from the sediments or the algal populations 
just under the ice. 
During the Aphanizomenon bloom of both 
years the bacterial concentrations declined. This 
phenomenon was also reported by Bershova (1968) 
for a Microcystis bloom. He found that minimum 
bacterial concentration coincided with the maximum 
Microcystis popUlation. However, he found the 
opposite to be true with an Aphanizomenon bloom. 
Even though artificial de stratification increased 
suspended solids, coliform concentrations remained 
low. Murray (1972) observed comparable total coli-
form concentrations in Hyrum Reservoir during the 
summer of 1971. Laverty and Nielsen (I 970) 
reported no increase of total coliforms with artificial 
destratification. The coliform concentrations were 
highly correlated with the increased suspended solids 
concentrations produced during the spring and. fall 
overturns. 
In order to better understand the increased 
algal bloom during the de stratified year it is necessary 
to re-examine the hypothesis on algal control found 
in the literature search and compare it with the 
results found in Hyrum Reservoir. 
Horne (1974) has proposed that mIXIng pre-
vents the algae from stratifying at optimum light 
levels and thus a light limited condition is maintained. 
The Aphanizomenon bloom during the artificially 
destratified year was able to stratify itself in the 
upper 2 m. Although thermal de stratification was 
accomplished, the biological destratification that 
Horne proposed for algal control did not occur. Fogg 
et a1. (1973) have indicated that planktonic blue-green 
algal growth depends on orientation of the algae in 
the water column at a specific level and speculated 
that blue-green algal control would be possible 
through artificial circulation. Considerably greater 
energy input than was done at Hyrum would be 
necessary to produce biological destratification. 
From his theoretical developments, Lorenzen 
(1 972) has predicted that in light-limited situations 
the biomass decreases linearly with the depth of 
nuxmg. The effect of decreasing the mixed depth 
would be to increase the algal biomass. The effective 
mixed depth was defined as the depth of · the 
epilimnion during natural stratification and the depth 
of uniform phytoplankton distribution during arti-
ficial destratification. The effective mixed depth of 2 
m was observed during the Aphanizomenon bloom 
when the reservoir was destratified. The algal biomass 
in Hyrum Reservoir increased during destratification 
as his model predicted. 
Shapiro's observations (Shapiro, 1973) that 
"mixing usually results in a lower pH" and "the shift 
of conditions so that the kinetics of nutrient use by 
green algae allow them to win the competition with 
blue-green algae" were not the case in Hyrum 
Reservoir. Shapiro (I974) also observed increased 
blue-green populations in his more recent research on 
artificial destratification. Even with artificial destra-
tification the pH rose to 9.2 during the Apha-
nizomenon bloom. The hypothesis concerning the 
release of phosphorus was dependent upon the 
precipitation of ferric phosphates or the sorption of 
phosphates on ferric oxides or hydroxides. Since the 
total iron concentrations were very low (Gill, 1975), 
50-60 /J. gil being common, and since the phosphorus 
in the sediments was predominantly of the organic 
form (Schmalz, 1971), then. aerobic conditions pro-
duced by artificial de stratification would not have a 
significant effect on the phosphorus transfer. This 
was confirmed in Hyrum Reservoir. Figure 38 showed 
no significant effect of artificial destratification on 
the annual PO 4 -p cycling in the reservoir. 
Ridley (1971) states that if algal control is to 
be realized a high energy system must be used. He 
observed that most of the artificial de stratification 
systems in use in the United States were low energy 
systems. The Hyrum Reservoir system can be classi-
fied as a low energy system. If Aphanizomenon is to 
be distributed throughout the reservoir, then a high 
energy system would be required. 
From the correlation coefficient analysis of the 
data it becomes apparent that depth and algal 
populations are the most important factors affecting 
the water quality of Hyrum Reservoir. The negative 
r's of the nutrient parameters with the total algae 
indicated the uptake of the nutrients by the algal 
populations. In such cases the algal populations were 
serving as a sink for the nutrients. The positive r's of 
depth with the nutrient parameters indicated that the 
lower depth or the sediments were the source of 
nutrients. The negative r's observed for depth with 
DO further illustrates this concept of sources and 
sinks. In the situation with DO the surface was the 
. source while the sediments served as the sink. 
Temperature was one parameter that changed sources 
and sinks during the year. During the winter the 
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source of heat was the sediments, while the sink was 
the surface. In this situation the r between depth and 
temperature was positive. After the spring thaw the r 
changed sign (negative r) and the sediments were then 
the heat sink with the surface the source of heat. 
While depth and total algae were the most 
important factors, TSS and LnRYI (light) affected 
the water quality for short pehods of time. During 
the fall overturn solids were resuspended from the 
sediments. The positive r's of TSS with P04 -P and 
NH4-N indicated that TSS was a source of both 
P04-P and NH4-N. The negative r of TSS with DO 
indicated TSS as a sink for DO. This reaffirms the 
observations from the previous paragraph that the 
sediments were the source of nutrients and a sink for 
DO. The LnRVI or light was the most important 
parameter affecting the water quality during the later 
periods of ice cover. An example of this would be 
during March 1973. The large numbers of parameters 
that correlated Significantly with the LnRYI illus-
trated the importance of light as an energy source 
during periods of ice cover. 
The statistical analysis on the single dimen-
sioned or non-depth parameter and the water quality 
parameters of the Little Bear River established many 
important relationships. Because the major source of 
the total suspended solids in Hyrum Reservoir was 
the sediments, the high correlations observed between 
the total suspended solids and total and fecal coli-
forms identified the sediments as a source of coli-
forms. This indicated that artificial destratification 
could increase the coliform concentrations as more 
solids were resuspended from the sediments. The 
total suspended solids were also found to be cor-
related positively with I/Secchi depth and the light 
extinction coefficient, Ke , demonstrating the effect 
of the suspended solids on light penetration. The 
high correlation observed between NO 2-N and total 
coli forms in the Little Bear River was believed to be 
related to bacterial activity in nitrification and 
coliform survival rates and their functional rela-
tionship with the water temperature. The water 
quality trends in the Little Bear River were 
exemplified by the negative correlation observed 
between the total suspended solids and the inorganic 
fIltered carbon. High flows during runoff produced 
high total suspended solids and low dissolved solids. 
Low flow conditions produced low total suspended 
solids concentrations and high dissolved solids, thus 
explaining the inverse correlation. 
The effect of the Little Bear River on the water 
quality of Hyrum Reservoir was observed .only during 
the periods of high runoff. During the late spring 
when the hydraulic residence time of the reservoir 
was approximately two weeks, the concentrations of 
nutrients in Hyrum Reservoir approached those of 
the Little Bear River. In June, following high runoff, 
Hyrum Reservoir was characterized by Secchi depths 
of 5-7 m, uncommon for avery eutrophic body of 
water. 
The statistical analysis of the water quality data 
identified many of the sources and sinks of the 
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parameters and a distance or depth relationship that 
existed between the sources and sinks. The chemical 
data combined with the statistical analysis has de-
monstrated that with or without artificial destrat-
ification the water quality of Hyrum Reservoir was 
governed by the Aphanizomenon bloom, runoff, and 
the total suspended solids produced by the spring and 
fall overturns. 
-CONCLUSIONS 
These conclusions apply only to a comparison 
between a single year of study prior to destra-
tification and a year of study during and following 
approximately seven months of destratification. Thus 
long term effects of destratification might produce 
quite different results. Also, the annual variation in 
hydraulic factors would have significant effects on 
observed results. 
Overall 
1. Thermocline destruction was accomplished 
with a low energy artificial destratification 
process and this produced a considerable im-
provement and expansion in usable trout 
habitat in Hyrum Reservoir. 
2. Complete isothermal conditions were never 
obtained by artificial means; the upper two 
meters always showed a higher temperature 
during the summer but the remainder of the 
water column appeared uniform. 
3. Dissolved oxygen profiles indicated more uni-
form conditions, thus mixing, than did temper-
ature. 
4. The average dissolved oxygen concentration 
increased during the de stratification year, but 
was attributed to the increased Aphanizomenon 
bloom concentration. 
5. The maximum DO concentration of 21.2 mg/l 
(about 180 percent of saturation) observed 
under the ice on February 23, 1973, was the 
result of increased algal activity. 
6. Total suspended solids increased during the first 
year of destratification. 
7. The large number of water quality parameters 
that were highly correlated with the log of the 
relative vertical illumination in March of 1973 
illustrated the dependency of the reservoir on 
light as an energy source during periods of ice 
cover. 
8. The statistical analysis identified the algae, the 
sediments, and the total suspended solids pro-
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duced during overturn as the parameters 
governing the water quality of Hyrum Reser-
voir. 
Algae 
9. During destratification Aphanizomenon cell 
concentrations increased approximately four-
fold over the previous stratified year. 
10. A tenfold increase in chlorophyll a was ob-
served in the Aphanizomenon bloom during 
destratification. 
11. The Aphanizomenon appeared approximately 
three weeks earlier during the year of de strati-
fication. 
12. Winter algal population, as measured by cell 
counts and chlorophyll a, increased after a 
summer of destratification. 
13. In general, algal biomass increased during the 
first year of artificial de stratification in Hyrum 
Reservoir. 
Bacteria 
14. The highest total and fecal coliform concen-
trations were observed during runoff and during 
the spring and fall overturn. 
15. Total and fecal coliforms concentrations were 
very low during artificial destratification. 
16. The highest bacterial concentration observed 
which was not influenced by the sediments was 
68,000 cfu/rnl and was observed under ice 
cover on January 26, 1974, following destrati-
fication. 
17. The vertical distribution of bacteria was more 
uniform during de stratification due to the 
destruction of the thermocline. 
18. The increased uniformity in bacterial popula-
tions observed during destratification was not 
produced by the physical mixing of the bac-
teria. 
19. The percentage of pigmented bacteria increased 
during the summer of destratification. 
20. The total plate count bacteria decreased during 
the Aphanizomenon bloom in both years of the 
study. 
21. Total and fecal coliforms statistically correlated 
well with total suspended solids during destra-
tification. 
Nutrients 
22. The N02 -N maximum observed beneath the 
thermocline during stratification did not appear 
during artificial destratification. 
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23. 
24. 
25. 
The NH4 -N maximum that occurred during 
destratification was not as pronounced as the 
stratified year. 
The low NO -N levels observed near the bot-
tom of the stratified were not observed during 
artificial destra tification. 
Artificial de stratification did not affect the 
annual cycling of PO 4 -P in Hyrum Reservoir. 
26. Observed nutrient changes in Hyrum Reservoir 
were a fu nction of algal populations or a result 
of overturn. 
27 . Inorganic carbon decreased during the first year 
of destratification. 
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Appendix A 
Symbols and Notations 
Table A-I. Abbreviations and symbols used in the 
texfand computer output. 
A.FLOS 
A. flow-aquae 
AIRTEMP 
C 
cfu/ml 
CHLA 
01 
Diversity 
DO 
DOP 
FEC COL 
IFC 
KE 
LBR 
LNRVI 
LnRVI 
m 
mg/l 
NH4 
NH4-N 
NO 
NO -N 
NO 
NO -N 
OFP 
PO -P 
PIG BAC 
r 
RESTIME 
RVI 
TFC 
TFP 
TIN , 
TOT ALG 
TOT BAC 
TOT COL 
TSS 
TUC 
TUP 
WATEMP 
ZOO 
% PIG 
l/SECHI 
Ilg/1 . 
Aphanizomenon flos-aquae 
Aphanizomenon flos-aquae 
Air temperature 
Degrees Centigrade 
Colony forming units per lJlilliliter 
Chlorophyll a 
Diversity index 
Diversi ty index 
Dissolved oxygen 
Dissolved organic phosphorus 
Fecal coliforms 
Inorganic filtered carbon 
Ke , light extinction coefficient 
Little Bear River 
Natural log of the relative vertical 
illumina tion 
Natural log of the relative vertical 
illumination 
Meters 
Milligrams per liter 
Ammonium nitrogen 
Ammonium nitrogen 
Nitrite nitrogen 
Nitrite nitrogen 
Nitrate nitrogen 
Nitrate nitrogen 
Filtered orthophosphate phosphorus 
Filtered orthophosphate phosphorus 
Pigmented plate count bacteria 
Linear correlation coefficient 
Reservoir residence time 
Relative vertical illumination 
Total ftltered carbon 
Total ftltered phosphorus 
Total inorganic nitrogen 
Total algae 
Total plate count bacteria 
Total coliforms 
total suspended solids 
Total unfiltered carbon 
Total unfiltered phosphorus 
Water temperature 
Zooplankton 
Percentpigmented plate count 
bacteria 
Inverse of Secchi depth 
Micrograms per liter 
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Appendix B 
Water Quality Data 
Table B-1. Water quality data for various depths of Hyrum Reservoir on May 26, 1972. 
Dept h I Temp. ID~soIV· 1 Suspend. H . ni ~itrite ~itrate Un!ilt. F ilt. Filt. Unfi1t. Filt. Filt . . Total I ~ ~ 'f 1 Total I Total I Ortho I Total I Total I Inorg . 
M °c ygen Solid. P Nltrogen Nltroge ltroge Phos Pho. Pho. Carbon Carbon Carbon 
mg/1 mg/1 .... g/l .... g/ l fLg / I .... g / l· fLg / I • fLg / I • mg / l m g / I mgll 
15.0 9 . 9 
14.5 10 . 3 
14.0 10 . 4 
14.0 10.2 
13 . 5 8 . 8 
11. 5 8 . 8 
11 .0 8.7 
11.0 8.5 
10. 5 8.5 
10.5 8 . 3 
10 10. 5 8 .0 
11 10.5 8.0 
12 10.5 8.0 
13 10.0 8 . 0 
14 10 . 0 7.9 
15 10 . 0 7 . 7 
16 10. 0 7.5 
17 9 . 5 7 . 5 
18 9 . 5 7 .4 
19 9.5 7.1 
20 9 . 0 6. 8 
Se c c hi Depth (M): ! . 8 
Maximum Air Temp . (0C): 24 . 3 
Minimum Air Temp. (oC): 2.7 
Surface Illumlnation (Lux): 
Chlorophyll 
....g /l 
TOJ:al 
"'" r R ...... I Total Plate Plate Zoo - VerticalAlg a e Diver - COWlt C ount lankton Illumi-10 3 sity Bact. Bact. .1 L nation Cell. 1 Index 103 lo j I 110 
ml 
cfu/ml cfu/ml Z 
7.39 . 959 
5.05 l. 05 
4.44 .759 
. 798 1. 18 
. 902 1. 2 1 
.607 1. 14 
.6 15 1. 22 
. 661 1. 24 
. 460 1. 17 
. 334 l. 19 
.285 1. 19 
.261 I 1. 35 
Table B-2. Water quality data for various depths of Hyrum Reservoir on June 9, 1972. 
Chlorophyll Total Total ..:::; ~ ....... DiUOIV'1 Total ~\rIl Total Total Ortho Total Total !norg. ~g/l Algae Diver- Plate Count Zoo- Vertical Nitrite Nitrate UnfUt. Filt. Filt. Unlilt. Filt. Filt. Count Depth I Temp. I Oxy SllOpend. pH ~itrogell 103 .ily Bact. lankton Wumi-_ M °c gen Solid. Nitrogen NitrogeE PhOI. PhOI. Pho •• Carbon Carbon Carbon Bact. 
mgll mgll ~g/l ~g/l ~g/l ~g/l mgll mgll mgll Cell./ !ndex 103 
3 ,IL nation ~g/l ~g/l 10 1 11 ml duhnl du/ml • 0 
19.0 B. I 
IB . 5 B. 2 7.9 l.11 l. 4 5 17. 5 
IB.O B.5 S.O 385 2 . I 1.5 < .1. 4 . 506 l. b8 7 . <; 
l B. a B. 5 8.0 397 2 . I < l. 2 .: 3 . 4 . 792 l. 53 ! S. a 
17. 5 8 . 8 B. a 420 2. l <. \, 2 .: 3. 6 . 680 I. 86 4 7. 5 
15. a 8.4 7.8 551 I. 9' < I. 2 < 3. 4 . 858 I. 90 
14.5 B.4 7 . 8 521 3.9 2 . I 19. 6 2.5 
14 . a 8 . 2 7.7 52 6 < 0.7 < 1.2 < 3 . 4 . 50 3 2 . 02 
13 . 0 7 . 9 7.8 503 < 0.7 < 1.2 < 3 . 4 2.5 
12.0 7.9 7.7 491 I. Z <1.2 < 3 . 4 . 390 2 .18 7 . 5 
10 11.5 7.6 7.7 497 
00 
-...I II 11.0 7 .2 8. a 479 . 9 < 1. 2 < 3. 4 . 2 57 2.06 
12 II. 0 6.8 7.7 503 .9 < 1. 2 < 3. 4 
,." I I 
I ,., 
13 10.5 6.7 7.7 478 .189 2.5 
14 10. 5 6.3 7.7 478 1.0 <1. 2 5.9 5.0 
15 10.0 6. 2 7.8 496 < O. 7 < 1. 2 < 3. 4 . 081 9 1.99 
16 10. a 6.0 7.8 477 < 0.7 < \, 2 < 3.4 2.5 
17 10. a 5. 7 7. B 1. 9 1.7 < 3. 4 . 07&4 1.77 10.0 
18 10.0 5.5 7.7 477 1.7 <1.2 5. a 2.5 
19 10.0 5. 3 7.7 467 1. 6 2. I 3.5 .0528 1. 83 10.0 
20 10.0 5.3 7.7 467 < O. 7 < I. 2 < 3.4 U.S 
2 I 10. a 5. I 7.7 467 < O. 7 1. 5 l.2 .0251 1.41 0 
22 9 .5 1. 6 7 . 7 4 6 1 l. S 1.7 <: \.4 
----~~.-
Secchi Depth (M) : 4. 6 
Maximum Air Temp. (oC): 28.9 
Minimum Air Temp. (OC) : 7. 3 
Surface Illumination (Lux): 
00 
00 
Table B-3. Water Quality data for various depths of Hyrum Reservoir on June 22, 1972. 
Depth 
M 
Temp. 
°c 
Dissolv. 
Oxygen 
mg/l 
Total 
Suspend. 
Solids 
mg/l 
Total IAmrroni1 NitritefNitrate4 Un!ilt. 
pH I Nitrogen Nitroge itroge Phos. 
flog/I fIog/ l fIog/ l flog/! 
19 .5 8. I 
19.58.1 1.67 8 . 2 35.2 
19. 5 8.1 2.00 8.2 35.2 . 
19.5 8.1 4 . 23 8 . 2 3 1. I 
19.5 8.2 2.89 8.2 35.2 
19.5 8.2 1.5 6 8. I 36.2 
16. 5 8.2 I. 89 8. 1· 46.3 
503 
467 
5 14 
48 5 
52? 
16.08.2 3.22 8.146.3 669 
15.58.1 2. 34 8.146.3 645 
15.0 8.0 2.45 8 .1 42.2 656 
10 14.5 7.8 4.11 8 . 1 42.2 680 
11 14.0 7.7 1. 8 9 8 . 1 42 .2 657 
12 13.5 7.4 5.00 8. 1 34. 2 634 
13 12.5 7 . 0 3.78 30.3 586 
14 12 .0 6.8 7 . 23 30 .3 551 
15 11.5 6 .7 7.11 31.1 537 
10.4 
19. 4 
22 . 6 
II. 9 
25.4 
20.9 
19.4 
16.4 
16.4 
22.4 
28.4 
3 1. 3 
16 11.5 6 .5 6.89 8. 1 31. 1 525 41.8 
17 11.0 6.4 10. 9 8.1 31.1 514 44.8 
18 11.0 6.1 13 .7 8.1 35.2 50 3 49.3 
19 11.0 5.6 13.2 7.931.1 507 52. 3 
Total 
Filt. 
Fhos. 
flog / I 
Ortho 
Filt . 
Phos. 
flog/I 
< I. 0 
< I. 0 
3.2 
3.2 
3 . 2 
7 . 3 
7.3 
9. 5 
I S 8 
2 3 . 7 
20.6 
30.0 
34.8 
42.7 
44.2 
48.9 
4 8 . 9 
48. q 
53.7 
Total 
Un!ilt. 
Carbon 
mg/I 
Total 
Filt . 
Carbon 
mg / I 
Inorg. To tal 
Filt. Algae 
Carbon 10
3 
mg/l Cell. / 
ml 
0.6 <. 0.6 <1.5 
I. 0 0.8 5 . 6 
1.0 < 0 . 6 1. 6 
1.0 <0.6 <1.5 
I. 3 0.8 2. I 
j. 9 
1. 8 
1.2 
1.1 
1.3 
1.4 
1.4 
1.0 
< n. 6 
1.1 
2 . 9 
3 .0 
2.3 
2 .4 
2.2 
0.6 I < 0.6 I < 1. 5 
0 .4 <0.6 <1. 5 
0.6 < O. 6 < 1. 5 
0.5 <0.6 <1.5 
0.5 <0.6 <1.5 
0. 6 < 0.6 < 1. 5 
0.8 0 .8 I < 1. 5 
0.8 I < 0.6 I < 1. 5 
.41 8 
. 42 2 
.4 93 
.404 
. 4 07 
.4 15 
. 178 
. 150 
.1 4 6 
. 128 
. 139 
.11 6 
Diver-
sity 
Index 
I. 85 
I. 60 
I. 57 
I. 52 
1. 15 
1.43 
1. 8 2 
I. 90 
2 . 12 
2.09 
2.Z7 
1.99 
Total 
Plate 
COWlt 
Ba ct. 
103 
cfu/ml 
Pig. 
Pla te 
Count 
Bllc!. 
103 
cfu/mi 
Zoo-
jplankton 
~/L 
26.7 
32.2 
3 2 . l 
16. 7 
24. 5 
17 . 8 
2 3.3 
22.2 
14 .4 
14.4 
12.7. 
7 .8 
. 7 
16. 7 
5. 6 
3.3 
3. J 
3.3 
1. 85 2 0 11.0 5.0 20.9 7.8 35.2 472 106 J I '" I I I I" I I I I I I I I 1 4 4 4. 5 . 5 40 6 1 12 71. 1 0 . 9 0 . <) < 2.3 
22 11.0 1.8 6600 7 .7 62 . 3 443 1180 _~109 23 . 1 22. 8< 34.~ 
0.7 < 2. 3 
. 112 11.1 
Secchi Depth (M) : 5.0 
Maximum Air Temp. (OC) : 22. 8 
Minimum Air Temp. (O C): 7. 3 
Surfa c e Illumination (Lux): 40.000 
Rellltive 
Verticil 1 
illumi-
nation 
IE/Io 
1.0 
. 57 
. 14 
.20 
.094 
.043 
. 020 
. 011 
.0077 
. 0047 
. 0 021 
00 
\0 
Table 8-4. Water quality data for various depths of Hyrum Reservoir on July 5, 1972. 
Oleeol .... Total Depth Temp. INepaDd. 
o.ne .. M °c 
.... /1 Solide 
!DIll 
0 21.0 8.4 
I 20.5 
2 20.0 
3 20.0 8.2 
4 20.0 
5 ZO.O 
6 18.5 7.8 
7 18.0 
8 17.0 
9 17.0 5.9 
10 16.5 
II 16.0 
12 15.5 5.0 
13 15.0 
14 14.0 
IS 13.5 4.4 
16 13.0 
17 13.0 
18 12.5 4.0 
19 12.5 
20 12.5 3.5 
21 12.0 2.6 
Secchi Depth (M): 2.5 
Maximwn Air Temp. (QC): 28.9 
Minimwn Air Temp. (OC): 6.8 
Surface illumination (Lux): 
~ Nitrite 
pH Nltr"len Nltroge. 
111/1 I1g/1 
8.2 84.4 14.8 
8.4 78.4 14.8 
8.4 50.3 14.8 
8.4 54.3 14.8 
8.4 52.3 , 14.8 
8. I 96. S 19.9 
8. Z 118 23.2 
7.9 142 24.1 
8.1 154 25.0 
8.1 140 25.5 
8. I 120 26.0 
7.9 104 25.5 
8. I 56.3 8.8 
8.1 54.3 3.7 
7.9 50.3 3.7 
8.1 52.3 3.0 
8.1 56.3 3.0 
8.0 52.3 3.0 
7.9 64.4 Z.6 
7.9 70.4 4.9 
7.8 lZZ 8.1 
'Nitrate Total Total Ortho Total Total Inorg. UnlUt. Filt. Filt. UDfUt. Filt. Filt. Nitrogen Phoe. Pbo •• Pboa. Carbon Carbon Carbon 
I1gll I'gll I1g11 "III !DIll mg/l mgll 
475 50.6 37.9 37.9 
409 47.4 37.9 12.7 
409 41.1 31.6 9.5 
422 50.6 28.4 Q.5 
382 53.8 28.4 9.5 
416 56.9 28.4 9.5 
492 79.0 41.1 19.0 
464 79.0 41.1 25.3 
489 66.4 47.4 30.0 
489 82. I 56.{ ~I. 6 
461 88.5 
-
39.5 
476 75.9 60.0 41.0 
469 91.7 56.9 45.8 
402 101 66.4 52. I 
423 107 72.7 55.2 
436 107 66.4 52.1 
364 107 69.5 52.1 
396 107 69.5 53.7 
3'n IZO 75.9 55.2 
374 133 88.4 68.0 
430 417 139 101 
- . . -
Chlorophyll Total Total 
Pl .. Relative 
Plate Plate Zoo- Vertical I1g/ 1 Algae Diver- Count CowIt \03 pllUlbon mum!-aity Bact. .. ct. tIL nation & b c Cell. I Index 103 10' 
mi 
cfu/mi , cfIa/mi 
1.l!o 
2.4 1.7 4.2 . 697 1.64 30.0 
1.2 0.9 2.9 .701 ~. 00 120 
1.7 1.4 3.6 .650 1. 61 52.3 
2.7 1.2 5.0 40.0 
2.0 1.7 4.0 , ~38 1.64 43.3 
: 
1.9 <0.7 < I. 5 35.6 
.432 1.67 . 2Z. 2 
1.3 <0.6 < I. 5 14.4 
0.9 <0.6 < 1. 5 .3\)6 I. 66 
1.0 <0.6 < 1. 5 27.8 
<0.3 <0.6 <1.5 .219 I. 67 13.3 
0.7 <0.6 <1.5 11.1 
0.6 1.0 3.0 .182 1.73 7.8 
0.6 <0.6 <1.5 4.4 
0.7 <0.6 <1.5 .194 1.61 4.4 
I.Z <0.6 < 1. 5 2. Z 
0.9 <0.7 <1.8 .117 1.16 4.4 
I.Z <0.7 <2.0 3.3 
1.0 <0.7 <Z.O .0884 1.65 4.4 
1.8 < 1.0 <2.8 4.4 
9.1 6.3 15.9 .0989 Z.12 
\0 
o 
Table B-5. Water quality data for various depths of Hyrum Reservoir on July 19, 1972. 
Depth 
M 
. 6 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Temp. 
°c 
Diaaolv. 
Oxygen 
mgll 
22.0 1 8. I 
21.5 
21.0 
21.0 
21.0 
21.0 
20.0 
19.0 
19.0 
18. 5 
18.0 
17 .5 
16.5 
16.0 
15.5 
15.5 
15.0 
15 . 0 
8. 6 
8.3 
7.7 
6.4 
5. 9 
4.8 
4.3 
4 . I 
3.9 
3.7 
3. 4 
3 . 2 
2 . 9 
2.8 
2 . 7 
2.7 
2 . 6 
14.0 , 1 2.6 
14.0 
13.5 
1.8 
0.6 
Total 
SIll pend. 
Solid. 
mg/I 
Se c chi Depth (M): 2.5 
Maximum Air Temp. (0C) : 29.3 
Minimum Air Temp. (OC): 12.3 
Surface lIIumination (Lux ): 
Total IAmrronilDll NitritefNitrate1 Un!ilt . 
pH I Nitrogen Nitroge itroge Pho •• 
~g/1 ~g/l ~g/l ~g/l 
8.2 62 4 
8.2 152 
8.2 54.3 
8.4 48.2 
8 . 350. 3 
8. I 148 
8. I 148 
8 . 1 156 
8.0 160 
8. I 140 
8.2 68 .4 
8 . I 106 
8.0 35 . 2 
8 .0 
7.8 
36.2 
39. 2 
50 .3 
7 .8 I 48.2 
7.7 54.3 
7.51 46.2 
7 .1 300 
15.7 
15. 7 
16 . 6 
15.7 
15.7 
25.5 
2 6 . 0 
28.3 
30.7 
40.4 
68.7 
II. 5 
4. 0 
3.0 
3.0 
3 . 0 
2 . 6 
4.0 
6.8 
16.4 
268 
294 
318 
471 
306 
841 
492 
646 
645 
636 
607 
665 
672 
673 
673 
673 
73 6 
735 
669 
598 
41. 0 
34 .8 
41.0 
34.8 
47.4 
50.6 
47.4 
38.0 
53 . 8 
60.0 
65 .6 
88 .6 
94.8 
91. 6 
101 
III 
11 7 
104 
104 
320 
Total 
Filt. 
Pho •. 
~g/l 
22. I 
15. 8 
12.7 
19.0 
15.8 
12 . 7 
12.7 
22.1 
Ortho 
Filt. 
Pho •. 
~g / l 
1. (, 
1. (1 
3. 2 
1. 6 
1. 6 
1.6 
4. 7 
4. 7 
25'\-11 2 6 
37.9 20.4 
53.7 
56.9 
66.4 
72 .6 
69.6 
75.8 
75.8 
91.6 
31. 6 
53.7 
50.6 
45.8 
55.3 
58 . 4 
58.4 
58.4 
94.8 1 64.7 
218 171 
Total 
Unfilt. 
Carbon 
mg / l 
53 . 4 
57.4 
54. 7 
56. I 
56. 2 
60 .6 
61. I 
62 . I 
60 . 8 
62.9 
63.4 
59. 5 
57.8 
58. I 
57.6 
59.1 
59. I 
57.8 
56.6 
60.9 
Total 
Filt. 
Carbon 
mg/l 
55.2 
49.7 
55.3 
~6 . 4 
56.2 
54. I 
60. 7 
60.9 
62.7 
64. I 
62.0 
61.7 
60.8 
57.8 
60. I 
58.6 
57 . 0 
54.4 
56.5 
56.0 
Inorg . ~ Chlorophyll Total 
Filt. ~g /l Algae 
Carbon 10
3 
lTlg/1 1 b Cell./ 
m l 
Diver- . 
alty 
Indu 
Total 
Plate 
Co .... 
Bact. 
103 
cfu/ml 
47 . ~ 
45.7 
45.7 
45.7 
47. 3 
48. I 
47.2 
47.7 
54 . 8 
50.8 
54.4 
54.9 
55.8 
55.5 
55 . 3 
54.3 
54. 6 
53.3 
52.2 
52.4 
<0. 3 
0 . 7 
0.7 
0.9 
1. 3 
0.9 
<0 . h 
<0 .6 
<0 . 0 
<0 . 6 
<0.6 
<0.6 
<1. 5 
<1. 5 
<1. 5 
1. 0 < 0 . 6 
1.7 
2.3 
1.6 
2 . 8 
1. 0 <0.6 <1.5 
0.7 < O. 6 < 1. 5 
0 . 4 <0 . 6 <1 . 5 
0.7 
0.6 
0.7 
0.6 
0.8 
<0.3 
<0. 3 
<0 .8 
<0 .8 
3 . 0 
<0 . 6 <1 . 5 
<0. 6 <1.5 
<0.6 <1.5 
<0 . 6 
<0.6 
<0.6 
<0 . 6 
<1. 3 
< 1.3 
<2 .6 
<I. S 
2. 1 
< 1. 5 
<1. 5 
<3 . 5 
<3.5 
<6.9 
2 . 17 
5. 05 
7.07 
4 .3 1 
3 . 14 
2.00 
I. 70 
I. 60 
1.82 
I. 67 
.48 
.80 
.80 
. 79 
. 8841 1. 48 
1.1 
4.4 
1.8 
1.1 
.463 1 1. 81 .80 
2 . 0 
.3281 1.4 6. 45 
.417 
1.4 
. 92 3 1 I . I 
1. 2 
.27 6 1 I. II 1.3 
1.4 
. 2841 I. 09 1.4 
3.5 
. 186 1 1.70 1 7 . 3 
10 
Pig. 
Plate 
COUDt 
&ct. 
103 
c!uhnl 
Relati ve 
Zoo· I Vertical 
!plankton mumi -
tIL nation 
· 16 57.8 
• 14 129 
• 1 \ 84.4 
.14 7 5. 6 
• 1 \ 81. 2 
1. 9 
. 36 
.23 
· I ~ 
. 52 
· 'I. 
.31 
. 40 
. 5U 
. 4 2 
.57 
.45 
1.6 
1.9 
2 . 6 
64. -I 
4 7.3 
24 . 5 
~ 5. 6 
16. I 
10. 0 
4 .4 
3. 3 
4. 4 
1. 1 
5.0 
4 . 4 
.\. 0 
12 . 5 
l~/lo 
\0 
Table 8-6. Water quality data for various depths of Hyrum Reservoir on August 2, 1972. 
Depth 
M 
,I, 
10 
11 
12 
13 
14 
15 
II, 
17 
18 
19 
20 
r-' 
Temp. 
°c 
Di .. olv . 
Oxyg .. n 
mgll 
21. 5 I 9. 3 
21.0 
21. 0 
21.0 
20.5 
20.5 
19.0 
19.0 
18.5 
18. 5 
18.0 
18.0 
17 . 5 
17.0 
16.5 
16,5 
16. 5 
16.0 
16. 0 
15.5 
15.0 
9.7 
9.6 
9.5 
9.4 
9.3 
4.9 
4.4 
4 .4 
4.0 
3. 6 
3.2 
2.5 
2.0 
1.7 
1.5 
1.4 
1.2 
1.1 
0 . 8 
0.0 
Total 
Suspend. 
Solid, 
mgll 
Secchi Depth (M): 1. 5 
, Maximum Air T emp. (0C) : 30.0 
Minimum Air Tem.,,, (oC) : 11.2 
Surface Illumination (Lux): 50,000 
Total IAmn::.uumI NitritefNitr ate1 Unfilt. 
pH I Nitrogen Nitroge itroge Pho,. 
.,.g/l .,.g/l .,.g/l .,.g/l 
8.7 56. 7 
8.7 '49.2 
8.8 49.2 
8. 6 56. 7 
8. 6 71. 8 
8. 6 79. 6 
8. 6 71. 8 
8.5 83. 4 
8.5 83.4 
8. 6 94.8 
8.5 91.0 
8.5 68. I 
8.5 64.3 
8.5 49.2 
8.5 68. I 
8.5 56.8 
8.4 56.8 
8.5 37.8 
8.3 68. I 
8. I 136 
27 .4 
7.5. I 
25. I 
26 . 2 
4 5.9 
55. 2 
57.5 
55.2 
19.7 
19. 7 
4.7 
3.0 
1.6 
2. I 
2.7 
3.2 
3.6 
4.1 
15.4 
13.6 
257 
196 
173 
2 65 
412 
451 
434 
561 
628 
4 38 
611 
676 
677 
656 
613 
613 
660 
470 
522 
113 
Total 
Filt . 
Pltos. 
.,.g / l 
39 .8 
24.0 
24 .0 
20. 9 
24.0 
39.8 
Ortho 
Filt. 
Pltos . 
.,.g/l 
10 . 4 
7 .3 
<1. 0 
6.0 
5.7 
13.6 
56 .7 j 12.0 
61.913.6 
52. 4 . 26.2 
84. I 
87.2 
84 .. 1 
90.4 
93 . 6 
i09 
109 
109 
135 
122 
141 
26. 2 
37.3 
45 . 2 
59. 6 
59. 6 
64.2 
67.4 
67.4 
67.4 
86.3 
99.0 
T otal 
Unfilt. 
Carbon 
mgll 
60. 6 
60. 6 
58.0 
60.9 
62. 6 
69.6 
66.9 
68.8 
66.9 
66.9 
65.8 
66.2 
64.9 
66. I 
65.3 
66.2 
63 . 7 
67.5 
83.4 
Total 
Filt. 
Carbon 
mgll 
54.4 
54.7 
57 . 5 
59. 4 
64 . Z 
67 . 4 
66 . 3 
68.8 
67 . 8 
68.9 
68.0 
67.3 
68.1 
65.8 
65.9 
65.7 
66.2 
68.5 
63.9 
68 . I 
Inorg. Total 
Filt. Algae 
Carbon \03 
mgll Cell . I 
5 1. 2 
50.3 
50. Z 
50.4 
56.0 
59.0 
60 . 3 
60 . 3 
61.0 
61. 5 
61. 6 
61.1 
60.9 
60.5 
60.4 
60.7 
60. I 
59.4 
60 . 5 
60 . 2 
1. 5 
2.5 
~ . 3 
2 .4 
1. 6 
1.2 
0. 8 
0.6 
<0.3 
<0.3 
<0 . 3 
<0.3 
<0.3 
<0.3 
<0.3 
<0.3 
0.5 
<0.3 
<0.3 
5.7 
<0. 6 
<0. 6 
<0.6 
<0 . (, 
<0. 6 
<0.6 
<0.6 
<0.6 
<0.6 
<0.6 
<0 . 6 
<0.6 
<0.6 
<0. 6 
<0.6 
<0.6 
<0.6 
<0.6 
<0.6 
<5.2 
ml 
3 . 4 41.1 
3.6 49.2 
4 . 2 60. 5 
4.2 50 . 2 
3.5 33 . I 
2.6 
<1.7 14.3 
<1. 7 
<1. 7 9 .10 
<1.7 
<1.7 
<1. 7 
<1.7 
<1.7 
<1 . 7 
<1.7 
<1.7 
<1.7 
<1.7 
15.7 
6. 34 
3.29 
6.61 
3.65 
1. 61 
Diver-
,ity 
Index 
1. 51 
1.66 
1. 57 
1. 57 
I. 70 
1. 70 
I. 97 
1.82 
1.87 
1. 42 
1.67 
1.77 
Total 
Plate 
Count 
Bact. 
103 
cfu/ml 
7.2 
19 
20 
17 
23 
3.3 
4.2 
5.9 
6. 3 
2.0 
4.3 
1.9 
2.2 
2.2 
Pill, 
Plate 
Count 
Bact. 
103 . 
cfufml 
2.3 
1.4 
1.2 
1.1 
17.2 
1.0 
. 30 
. 55 
.60 
.85 
1.1 
1.3 
.90 
1.2 
Z. I 
1.5 
3. 51 2.0 
4.0 6.0 
3.7 580 
1400 
z_-
~ 
tIL 
Relative 
Vertical 
mum!-
nation 
1.,110 
1.0 
. 36 
.\3 
. 050 
.022 
.Ol! 
. 0057 
.00135 
.00056 
\0 
N 
Table B-7. Water quality data for various depths of Hyrum Reservoir on August 14, 1972. 
Depth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
Temp. 
°c 
mssolv. 
Oxygen 
mall 
22.5 8.7 
Total 
SllIpend. 
Solid. 
mgll 
Total IArnrmnnnnI NitritefNitrate~ Unfilt . 
pH I Nitr"len Nitroge i troge Pho •• 
~g/l I1g/1 I1g/1 ' I1gll 
Total 
Filt. 
Pho •• 
fl.g /l 
Ortho 
Fill. 
Pho •• 
fl.!;! /! 
Total 
Unfilt. 
Carbon 
mg/l 
Total 
Filt. 
Car.bon 
mg l l 
Inorg. Total 
Filt . Algae 
Carbon 10
3 
mg/! Cellsl 
nil 
22.5 8.8 33.4 22.4 269 69 . 7 50.6 1.6 I.l <0 . 6 
22.5 8.8 8.6 26.7 23. 4 306 117 12.6 1.3 83.0 
22..0 8.6 8.8 27 .6 23 . 4 32 9 37 .9 15.8 < 1.0 I.S <0 . 6 2.3 Qu.O 
22 .0 8.3 8.8 2 6 .7 23 . 9 267 34 .7 15.8 <1. 0 1.4 <0. 6 2.4 65.7 
22.0 5. 0 8 .8 26.7 23.9 292 50. 6 < 1.0 1.5 <0 . 6 2 .2 ~ · I 
21.0 3.6 8 .7 27 . 6 22 .4 345 34.7 25.3 <1.0 1.7 <0.6 2. 6 
Diver-
sity 
Index 
.67 0 
.747 
. 4 57 
. 477 
Total 
Plate 
COWlt 
Bact. 
103 
cfulml 
4. 0 
2 .9 
I.Q 
3.0 
. 6 36 1 18 
2.5 
20 . 0 3 .1 8.5 36.5 18.3 538 31.6 15.8 <1.0 1.0 <0.6 < 1. 5 30.6 .899 3.3 
20 . 02.7 8.531.715.9502 j1.622. 1 1. ' 0.8 <0.6 <1.5 1.7 
19 . 5 2.4 8 . 5 40.5 14.7 516 3 1. 6 25 . 3 2. 0.4 <0.6 < 1. 5 13. 0 1.l3 3. 3 
19.0 2 . 0 8.5 35.7 13.8 6 5 6 34.7 12. 6 3.2 0.6 <0. 6.<1.5 1.7 
Pig. 
Plate 
Count 
Bact. 
103 
du/ml 
6 . 8 
18 
20 
16.7 
l2 
2. 7 
2. 0 
4.5 
19.0 1.9 8. 5 35. 7 11.8 557 34 .7 19.0 5.4 0.4 <0.6 < 1. 5 2.25 I.l9 5.0 l .O 
19.0 1.8 8.5 29.3 11.8 557 31.6 31..(, 8.2 <0.3 <0.6 < 1.5 5.0 . 70 
18.5 1. 6 8.5 33.3 11. 8 721 50. 6 47.42.56 0 . 5 <0 .6 <1.5 . 561 1.62 4.3 2 . 5 
18. 0 1.4 8. 5 34.1 13.8 555 88 . 8 56.9 40 . 2 0.4 <0.6 <1.5 3.3 .47 
Zoo -
!plankton 
/IlL 
32. 2 
4 7. d 
2 ~ . 7 
.n. \ 
38. q 
3 1.1 
s. (, 
13.3 
13.3 
I I.) , h 
10.0 
4 .4 
5. b 
8. 9 
18.0 1.0 8 . 4 40.5 14.3 604 95 . 1 60.1 54.3 <0.3 <0.6 <1.5 .67 7 1. 6 1 14 .55 6. 7
1 
18.0 0. 4 8.4 40.5 14 . 3 441 101 69.7 61.0 <0.3 <0 . 6 <1 .S 34 .60 10.0 
18 .0 0.0 8.5 45.3 15.7 363 158 95.0 72 . 1 <0.3 <0. 6 < 1.5 .641 1.6 1 49 .97 7 . 8 
Relative 
Vertical 
lllu.'1li -
nation 
I II 
z 0 
I. 00 
. 4 0 
. 20 
. OS~ 
. 034 
.0 13S 
.OO f,S 
.002 G 
.0009 (, 
18 \17. 5 0.0 8.5 51.7 15.2 4 27 158 126 80 . 3 <0. 3 <0.6 <1.5 37 0 .60 "j' 
19 16.0 0.0 8.2 300 6.0 3 1.9 284 22.0 185 18.9 <5.2 15.0 1.67 1.65 3500 1.1 8.9 
350 
__ ---I __ -L-_--1-__ -L_-L-__ L __ L-_-L_--l. __ -L-_-L_---I _ _ ...L.-__ L __ L-_-L..-_--l. __ L-_-L..-_---l __ ...L- _. . _. __ _ 
Se cchi Depth (M) : 2.0 
Maximum Air Temp. (0C): 33.3 
Minimum Air Temp. (oc): 7.3 
Surface Illumination (Lux): 33,000 
\0 
W 
Table 8-8. Water quality data for various depths of Hyrum Reservoir on August 30, 1972. 
Total Di •• olv. Depth Temp. SulpeM. Oxy ..... M °c Solid. 
mill 
me/ l 
0 20.5 8.9 
I 20.0 9.1 1.63 
2 20.0 9.4 5.00 
3 19.5 9.2 5.00 
4 19.5 9.2 5.44 
5 19.5 9.2 4.33 
~ 19.5 8.7 5.00 
7 19.5 8.4 4.75 
8 19.0 4.6 4.13 
9 19.0 4.0 5.25 
10 18.5 4.0 5.87 
11 18.5 3.0 
-
12 18.5 Z.9 8.25 
13 18.5 2.9 7.63 
14 18.5 2.8 6.50 
15 18.5 2.0 7.88 
16 18.5 1.9 21.7 
17 18 . 0 0.6 
18 17.5 0.3 
Secchi Depth (M): 2 .3 
Maximum Air Temp. (0C) : 27.7 
Minimum Air Temp. (0C): 11. Z 
Surface Illumination (Lux) : 24,000 
Total 
An'rmni= Nitrite Nitrate Unfilt'. pH Nitrogell ~itrogell Nitrogen Pha •• 
IlIII I<g/l 1<,/1 1<,/1 
8.9 23.6 357 39 . 5 
9.0 24.0 329 39.5 
9. 0 24. 0 290 39.5 
· 9.0 U.O 301 39.5 
8.9 23.6 301 39.5 
8.9 21.6 435 39.5 
8.9 21.6 447 33.3 
9.0 19. Z 447 39.5 
8.8 19.2 458 • 45.6 
8.9 19.2 458 51. 8 
8.9 15.6 536 64.1 
8.9 15.6 480 64.1 
8.9 19.2 526 64.1 
8.8 36.8 526 64.1 
18.0 526 64.1 
8.8 13.2 468 89. 0 
8.5 3.6 89.3 175 
Chlorophyll Total Ortho Total Total Inorg. 
I<g/l Filt. FUt. UnfUt. Filt. Filt. 
Fho •• Fho •• Carbon Carbon Carbon 
a b c I<g/l I<g/l mgll mill mgll 
27.2 2.5 50.7 50 . 0 44.9 2.9 0.9 5. I 
21.0 3.1 54.5 49 . 7 44.2 2.2 <0.6 3.5 
14.7 2.5 50.3 50.3 45.5 2.5 <0.6 3.7 
27.2 13.6 51.6 50.1 45.3 3.7 <0.6 7.3 
36.4 17.9 51.9 50.0 46.3 3.6 <0.6 7.1 
27.2 16.7 58.3 51.2 47.3 1.6 <0.6 3.2 
27.2 14.2 53.5 51.9 48.3 1.6 <0.6 2.9 
39.5 19.1 55. Z 53.3 49.7 0.7 <0 . 6 <1.7 
33.3 13.6 53.1 52.7 49.8 0.9 <0.6 <1.7 
21.0 55.6 5Z.6 50.5 0.5 <0.6 <1.7 
- -
33 •. 3 Z7.2 55.6 53.0 50.9 <0.4 <0.6 <1.7 
51.8 29.0 54.5 53.5 50.5 0.5 <0.6 <1.7 
51.8 24.7 55. 0 52.5 50.4 0.6 <0.6 <1.7 
'51 . 8 Z5.9 54.6 53.8 50.8 0.6 <0.6 <1.7 
64.1 ZZ8 53.5 52.6 49.8 0.9 <0.6 <1.7 
101 58.0 57.6 54.7 52.4 0.7 <0.8 <2.1 
138 121 82.5 59.2 53.9 9.8 <10.4 <27.6 
---
--
-- _ . _-
---
Total Total 
Pig. Relative 
Plate Plate Algae Diver- Zoo- Vertical COWlt 
103 CoUDt ~Iankton Dlumi-lity Bact. Bact. Cell.1 Ind_ 103 
IlL nation 
103 
ml 
cfu/ml cfu/ml 
1e /lo 
1.00 
53.6 1.36 2.5 .40 20.0 .46 
55.0 .967 1.9 .60 21.1 .195 
50.2 1. 02 2.9 .20 25.6 .067 
66.6 .973 
-
18.9 .020 
117 .713 1.4 .55 16.7 .010 
1.0 .'!6 11. I .0048 
32 . 6 .973 3.Z .48 13.3 .00165 
>.5.0 
9.86 1.09 1.9 .58 10.0 
4.0 1.2 5. 6 
1.5 .70 
1.6 
.70 4.4 
8.04 1.05 3.5 .67 7.1l 
4.1 
.90 II. I 
1.75 .550 4.2 1.0 12.2 
-
4.4 
2.79 .358 21 1.0 
2800 500 
---
\0 
+;. 
Table B-9. Water quality data for various depths of Hyrum Reservoir on September 13, 1972. 
Depth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Temp. 
°c 
17.5 
17.5 
17. S 
17 . 5 
17. 5 
17. 5 
17.5 
17.3 
17.3 
17.3 
17 .3 
17.2 
17.2 
17. 2 
17.2 
17.2 
17 .0 
16 . 5 
16.5 
Dis801v. 
Oxygen 
mg/l 
7. 1 
7. I 
7.1 
6. 9 
6 . 8 
6. 8 
6.8 
6 . 8 
6 . 8 
6.8 
6. 8 
6 . 7 
6. 6 
6. 6 
6.6 
Total 
Suspend. 
Solid. 
mg/I 
6.2 5 
13.1 
9.11 
9 . 58 
8 .14 
7.43 
7.00 
7 .14 
7.43 
6 . 86 
8 .17 
8.72 
7. 74 
8 .50 
5.4 9.40 
4.7 15.0 
4 . 5 2 6.0 
4 . 5 104 
Secchi Depth (M): 1. 15 
Maximum Air Temp. (OC): 22.2 
Minimum Air Temp. (O C): -0.6 
Surface Illumina tion (Lux): 20,000 
Total 
, NitritefNitrate1 Unfilt. 
pH Nitrogen Nitroge itroge Pho • • 
llg/l llg/l llg / l llg/I 
9 . 0 55.9 
9.2 57. 1 
9.2 57 .7 
9. I 53.9 
9. I 64.0 
9. I 67. 2 
9. I 58.2 
9. I 66 .1 
9.0 I 66 . 9 
9.0 71. 3 
9.0 69.8 
9.01, 63 . 5 
9.0 60. 0 
8 . 9 75.7 
8.9 64.0 
8.9 90.3 
8.8 121 
8.8 175 
Z4 .8 
23.8 
24 . 4 
24.4 
23 .8 
23.7 
23.7 
23.7 
23.8 
23.4 
23.8 
23.6 
23.7 
23.4 
2 3.6 
24.4 
25.6 
2 5.4 
512 
529 
607 
442 
434 
450 
379 
402 
4 18 
388 
387 
387 
3 55 
388 
387 
386 
38 5 
386 
59.0 
38. 9 
59.0 
42 . If 
41. 6 
45.6 
48.3 
48.3 
45 . 6 
42.9 
45 . 6 
41.6 
34. <) 
38.9 
45.6 
44.3 
75 .1 
193 
Total 
Filt. 
Pho •• 
llg/l 
48.3 
21 . 5 
21.5 
20 . 1 
18.8 
18 . 8 
21 . 5 
20.1 
21.5 
2 1.5 
20. ,1 
21.5 
21.5 
25.5 
37 . 6 
34. 9 
47.0 
Or tho 
Filt. 
Phos. 
llg /l 
3 1.6 
18. 8 
14 .1 
14.1 
14.8 
15.5 
16. I 
14. 8 
1 5. ~ 
14.8 
14. 8 
14.1 
14 .1 
14 . 1 
14.1 
lO.8 
23.5 
36.9 
Total 
Unfilt. 
Carbon 
mg/l 
57.4 
57 . 0 
57.7 
57 .9 
57.1 
58.4 
57.6 
56.6 
57. I 
57 .1 
57.6 
56.7 
55.9 
55.9 
57.0 
56.9 
58 .4 
63.3 
Total 
Fill. 
Carbon 
mg /l 
57.3 
5'> . 6 
56.9 
55 .9 
57. 3 
56'.4 
56.4 
56.9 
56. 5 
56.3 
56.8 
56.6 
55.8 
56.0 
56. I 
56. I 
56 . 5 
56 . 8 
Inorg. Total 
Filt. Algae 
5 1. 1 
5 1. 2 
5 1. 2 
52 .7 
51. 5 
51. 2 
51.8 
51. 5 
50.3 
50.1 
4 9.4 
49.6 
49 . 8 
50. 3 
49 . 6 
51.3 
52 .5 
5 1.2 
2.0 
2 . 7 
8.5 
8 .4 
3.8 
5.0 
3.4 
2. 9 
1. 9 
1.7 
1. 4 
1.7 
1.2 
1.0 
1.3 
0.6 
1.2 
1.9 
<0.7 
<0.7 
1.4 
<0.7 
<0.7 
<0.7 
<0 . 7 
<0 . 7 
<0 . 7 
<0 .7 
<0.7 
<0. 7 
<0.7 
<0 . 7 
<0.5 
<0.7 
<0.9 
<3. 0 
103 
Cells l 
m l 
2.5 42.0 
4 , 8 38 . Z 
14 . 645. 3 
13 .9 65 . 4 
6 . 3 29. I 
9. I 
5.3 41. 4 
4.5 
3 . 7 24.4 
2 . 5 
2 . 2 15. 1 
2 . 5 
<2 . 0 
<2 . 0 
<2. a 
<2. 0 
<2 .5 
<8. 1 
4.71 
1. 63 
Diver-
sity 
Index 
Total 
Plate 
Count 
Bact. 
103 
cfu lrn1 
.422 2.9 
, 33 7 3.0 
.274 1.4 
. 12 3 1. 2 
.19 6 1. 2 
1.3 
.0 639 1.6 
• 156 
.214 
. 3 18 
2 .9 
4 . 4 
3.5 
3. I 
2.4 
1.1 
Pig. 
Plate 
Count 
Bact. 
103 
cfulml 
. 90 
. 90 
.49 
. 56 
.50 
.46 
.69 
1.6 
1. 4 
1. 1 
1.1 
.70 
.52 
3.2 . 90 
8 . 2 2. 2 
.17 6 1 5. 7 1. 7 
3000 180 
Zoo-
~Iankton 
NIL 
27 . 5 
1 R. (, 
27 . 1 
68 . 6 
~5. 7 
5.7 
12.9 
4 . ) 
~ , 1 
14. 3 
11. 7 
11.4 
5.0 
7. 5 
7.01' l.8 
6.7 
I 
Relative 
Ve rtica.! 
illunti-
na tion 
lzlIo 
I. 00 
. 2 1 
.0 39 
.0090 
, 0031\ 
. 001 : 
. 00031 
\0 
VI 
Table 8-10. Water quality data for various depths of Hyrum Reservoir on September 29, 1972. 
Total Di •• olv. Depth Temp. So18pend. Oxygen M °c Solid. 
mill 
mgll 
0 14.5 7.9 
I 14.5 7.8 5.22 
2 14.5 7.8 5.78 
3 14.5 7.9 6.34 
4 14. 5 7.9 7.28 
5 14.5 7.9 7.39 
6 14.5 7.9 6.89 
7 14.5 7.9 7.05 
8 14.5 7.9 6.94 
9 14.5 7.9 6.44 
10 14.5 7.9 6.27 
11 14.5 7.9 6. II 
12 14.5 7.9 5.88 
13 14.5 7.9 4.94 
14 14.5 7.9 4.94 
15 14.5 7.9 8.12 
16 14.0 8.0 19.0 
17 14.0 6.2 41.9 
18 14.0 5.6 85.5 
18.5 14.0 1.8 
Secchi Depth (M): 3.75 
Maximum Air Temp. (QC): 18.3 
Minimum Air Temp. (oC): -1.1 
Surlace nlumination (Lux): 32,000 
~i= Nitrate Nitrite 
pH Nltroget ~itrole., Nitrogen 
..... /1 .... g/l .... g/1 
87.5 19.6 401 
9.0 76.9 19.2 398 
9.3 84.3 t'9.6 483 
9.2 86.4 19.3 414 
9.2 93.9 19.5 429 
9.2 85.4 19.2 400 
9.3 89.6 19.4 425 
9.3 85.4 19.1 422 
9.3 86.4 13.9 414 
88.5 19.2 398 
9.2 73.8 19.6 394 
-
91.6 19.9 413 
9.2 87.5 19.4 395 
-
86.4 19.5 394 
9.3 94.8 19.4 409 
9.2 122 19.5 418 
9.3 Z31 21.4 470 
9.4 316 23.6 
Total Total Ortho Total Total !norg. Chlorophyll 
.... 1/1 Unfilt. Filt. Filt. UnfUt. Filt. Filt. 
Pho •• Phos. Pho •• Carbon Carbon Carbon 
a b 
.... g/l .... g/l .... 1/1 mgll m 'gll mgll 
56.8 56.8 21. 8 60.5 56.5 52.5 1.4 <0.3 
65.7 57.4 24.0 56. ~ 56. I 52.4 1.6 <0.3 
75.2 41.0 23.7 56.2 56.2 53.9 2.6 0.5 
72.0 46.7 23.7 56.9 55.5 52.8 3.7 0.5 
60.0 46. I 20.2 58.2 56.7 53.5 4.0 0.8 
49.3 53.0 19.0 58.0 57.2 52.5 3.4 <0.3 
72.0 43.6 20.8 56.2 55.6 51 ... 3.0 0.7 
68.9 54.9 24.8 56.0 56.2 52.4 2.7 <0.3 
48.7 63.9 19.6 56.7 55.3 52. I 2.3 0.5 
87.2 51.8 15.5 56.7 55.6 52.4 2.2 0.5 
71.4 57.4 20.2 56.7 56.4 53.7 1.9 <0.3 
1Z.0 54,,3 22.7 56.6 55.4 51. 9 1.8 <0.3 
53.7 53.7 22. I 57.2 56.9 51. 3 1.8 <0.3 
56.2 58.1 24.6 56.3 56.1 51.6 1.7 <0.3 
83.4 56.8 22.4 56.7 55.8 52. Z 1.0 <0.3 
146 82.7 26.8 58.5 55.6 53.5 0.9 <0.5 
131 67.0 43.3 61. 6 58. I 54.7 2.3 <1.7 
208 88.5 48.0 64.9 64. I 54.9 2.7 <Z.6 
Total Pil' Relatj.ve Total Plate Plate Algae Diver- Zoo- Vertical COWlt Count 103 alty plankton Dlumi-Bact. Bact. 
c Cell. I Index 103 
!IlL nation 
103 
ml 
ciu/ml ctu/rru. IEllo 
1. 00 
2. S 14.5 .2S1 3.3 1.0 '/.2 .2Z 
3.7 2.52 .437 2.3 .7J 23.9 .093 
5. I 9.17 • I'll 2.4 I.J 23.3 .029 
7. I 20.9 .202 2.8 1.2 13.9 .008 6 
7.9 47.0 .150 4.0 1.1 18 . ? .0042 
5.8 2.8 1.2 15.0 .0018 
7.2 27.7 .216 3.2 1.1 13.3 .00068 
5.1 3.0 .90 11. 7 
4.7 4.90 .196 3.6 1.1 11.1 
4.6 3.3 I.! 14. 7 
3.3 10. 1 .113 2.7 .80 6. I 
3.7 3.5 1.0 5.0 
3.8 18.7 .0402 
-
5.3 
3.2 
-
3.5 
1.7 .794 .464 2.5 
2.3 7.2 1.8 8.8 
7.8 1.16 .653 7.2 2.4 JO.O 
<6.9 22 5.5 13.3 
\C 
0\ 
Table 8-11. Water quality data for various depths of Hyrum Reservoir on October 18, 1972. 
Depth 
M 
10 
11 
\ 2 
13 
14 
15 
16 
17 
18 
\8.5 
Temp. 
°c 
13.3 
13.2 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
12.8 
12 . 6 
12.5 
12.5 
Dissolv. 
Oxygen 
mgll 
7.3 
7.2 
7.0 
6.9 
6.9 
6.9 
6.8 
6.8 
6.8 
6.8 
6. 8 
6 . 9 
6.9 
6.8 
6.1 
5.1 
5.3 
5.4 
5.3 
0.4 
Total 
Suspend. 
Solid. 
mgll 
5.62 
6.06 
6.33 
6.10 
5.22 
5.67 
6. (l0 
6.05 
6.1 6 
6.50 
6. 4 0 
Secchi Depth (M) : 1. 5 
Maximum Air Temp. (OC) : 13.3 
Minimwn Air Temp. (oC): 2.6 
Surface Illumination (Lux): 8,000 
Total · 
Arrrnaniumi NitritefNitrate1 Unfilt. 
pH I Nitrogen Nitroge itroge Pho •• 
I1g11 I1g11 I1g11 I1g11 
121 
118 
126 
134 
136 
139 
146 
148 
153 
149 
144 
19 .2 
19 . I 
19. I 
19. I 
19.0 
19.1 
18.7 
19. I 
19.1 
14.7 
19.6 
440 
4 36 
440 
431 
428 
426 
419 
451 
401 
403 
422 
65.8 
65 .8 
65.8 
65.8 
52 .7 
65.8 
63. I 
65.8 
65 .8 
67.1 
63. I 
Total 
Filt. 
Phos. 
f'g/l 
49.7 
52.3 
49.7 
41.6 
63.1 
53.7 
65.8 
Or tho 
Filt. 
Pho •• 
f'g/l 
32.9 
32.9 
32.9 
32.9 
32.9 
32.9 
32.9 
32.9 
52.3 1 32 , 
49.7 • 34 . 2 
49.7 32.9 
Total 
Unfilt. 
Carbon 
mgll 
5 6. 5 
58. 5 
58 . a 
58.1 
58.4 
57.8 
58.3 
58. I 
58. a 
57.9 
58.0 
Total 
Filt. 
Carbon 
mg l l 
57.9 
57.8 
57. 6 
57.6 
57.5 
57 .9 
57.3 
57.5 
57.6 
56.9 
57.4 
Inorg . ~ChlorOPhY~l Total 
Filt. I1g11 Algae 
Carbon 10
3 
mg/l abc Cell. I 
ml 
51. a 
54.3 
55. 9 
55.4 
54.4 
56.2 
56.6 
56.5 
55.9 
55.8 
56. 6 
2.8 
2 . 7 
2. 3 
2.3 
2.1 
1.7 
1.7 
2. Z 
1.5 
1.0 
1.1 
3. 4 
3.2 
2 . 7 
2.6 
2.4 
2. 0 
2. 3 
3.0 
1.6 
1.1 
1.4 
2.81
24
•
5 
1.4 16. I 
1.3 3.47 
1.7 
1. 1 
<0.8 
<0.8 
0.9 
1.8 
<0.8 
<0.8 
I. 47 
. 650 
3.44 
.238 
Diver -
sity 
Index 
.218 
.243 
.468 
.812 
I. 29 
.349 
.944 
Total 
Plate 
Count 
Bact. 
103 
cCu/m1 
5.3 
4 .4 
4. 6 
7 . 9 
7.3 
2. 7 
4 .7 
5.0 
5.6 
4.8 
3.7 
Pig. 
Plate 
Count 
Bact. 
103 
cfu/ml 
2.3 
3. I 
3 . 0 
3 . 7 
4.0 
1.7 
2.7 
3. I 
2.7 
3. 4 
1.3 
4.3 1.5 
6.8 2.3 
7.5 2 .9 
10 2.9 
14 7.0 
164 30 
Zoo-
!plankton 
~/L 
22.8 
36.6 
18.9 
)0. 0 
12.7 
\ 2.3 
10. 6 
21. 6 
5. a 
3.9 
4. I 
Relative 
Vertical 
illumi -
nation 
Iz/Io 
l. 00 
.10 
· 032 
· 014 
.0053 
· 0016 
100 
........ 
Table 8-12. Water quality data for various depths of Hyrum Reservoir on November 3, 1972. 
Total Di •• olv. Depth Temp. ~.pead. Osysen M °c Solid. m,ll 
mall 
0 9.0 8.0 
1 8.9 8.0 7.49 
2 8.8 8.0 7.39 
3 8.7 8.0 8.00 
4 8.6 7.9 7.72 
5 8.6 7.9 7.72 
6 8.5 7.9 7.39 
:., 8.5 7.8 7.78 
8 8.4 7.8 7.00 
9 8.4 7.8 7.55 
10 8.4 7.8 6.83 
11 8.4 7.8 7.73 
12 8.4 7.8 7.77 
13 8.3 7.8 10.4 
14 8.3 7.5 14.0 
15 8. 0 7.4 18.4 
16 8.0 7.3 23.9 
17 8.0 6.9 24.4 
18 8.0 6.7 45.6 
18.5 8.0 0.6 
Sec:c:hi Depth (M): .85 
Maximum Air Temp. (0C) , 16. 1 
Minimum Air Temp. (0C), -0.6 
Surfac:e lllumination (Lux), 21.000 
iArnncnil.R1" Nitrite Nitrate 
pH Nitrollen Nitrolle1l ~1trolle" 
.. ,II 1',/1 1'11/1 
9.1 177 10.7 475 
9.1 178 10.0 444 
9.1 165 10.4 422 
9.1 188 10.9 446 
9.0 160 10.2 443 
9.0 190 10.7 436 
9.0 175 10.0 414 
9.0 191 10.0 467 
8.9 174 10.4 444 
8.9 192 10.2 417 
9.0 147 10.7 442 
9.0 186 11.1 445 
8.9 . 157 10.7 446 
8.9 190 10.4 450 
8.9 170 9.7 452 
8.9 208 10.2 435 
8. 8 164 10.0 444 
8.7 269 11.5 4Z5 
Chlorophyll Total Total Ortho Total Total Inorg. 
1'11/1 Unfilt. Filt. Filt. Unfilt. Filt. Fi~t. 
Pho •• Fho •• Fho •• Carbon Carbon Carbon 
a b I'g/l 1',/1 1'11/1 m,ll mill m,ll 
67.0 67.0 40.4 60.3 59.3 59.1 0.7 1.2 
74.0 68.3 42.7 58.9 58.8 57.4 0.9 1.6 
71.4 63.9 46.2 59.0 58.1 57.2 1.0 1.2 
82.1 55.0 44.8 58.8 58.5 57.8 0.9 1.1 
82.1 65.1 40.4 57.9 59.3 57.2 1.0 0.9 
76.5 61.9 40.1 60.0 58.4 57.1 1.0 1.2 
77.7 56.2 44.3 58.2 51.9 57.9 1.0 1.0 
74.0 56.2 40.1 59.4 57.9 58.0 0.6 1.5 
77.1 59.4 40.4 60.2 58.0 57.3 0.9 1.1 
90.3 57.5 • 38.9 59.6 58.-9 51. 6 0.8 1.0 
73.3 65.1 40.8 59.4 58.3 57.5 0.8 0.8 
67.0 63.2 38.9 60.5 58.9 57.8 1.3 Z.1 
65.1 61.3 40.4 59.6 59.0 5&.1 0.& 0.9 
70.8 55.0 41.4 59. 1 59.0 57.0 0.6 0.7 
80.3 .55.6 45.2 60.5 59.7 57.6 0.8 0.9 
84.6 57.5 44.6 60.2 58.9 57.1 1.0 1.1 
96.0 59.4 50.3 60.1 58.9 58.0 0.8 1.5 
120 67.6 52.8 62.3 59.3 57.9 1.4 1.6 
-
Total Total 
Pl .. R.elative 
Plate Plate Algae Diver- Zoo- Vertical Count CowIt 103 Jllankton Dluml-oity Bac:t. Bact. 
c Cell. I Ind.,. 103 
tIL nation 
m1 10
3 
1e /10 
c:fu/ml efIa/ml 
1.00 
<0.8 .393 1.27 2.9 1.3 2.8 .042 
<0.8 .335 1. 10 3.4 1.5 8.8 . 0094 
<0.8 .256 1.28 2.6 1.2 4.4 . 0055 
<0.8 .216 1. 35 2.3 1.3 10.6 . 0024 
<0.8 .252 1.52 6.9 2.5 7.2 .00063 
<0.8 . 3.6 1.8 11.1 
<0.8 .277 1.36 1.7 . 70 7.2 
<0.8 3.6 1.4 8.8 
<0.8 .257 1.80 7.2 1.6 9.4 
<0.8 7.0 2.0 7.2 
<0.8 .170 1.52 2.2 .70 8.0 
1.8 4.3 1.9 7.8 
<1.1 .143 1.60 7.2 2. ~ 7.1 
<1.1 7.5 2.7 6.7 
<1. 9 .0633 1. 90 9.9 4.7 2.0 
<2.8 5.8 1.7 1.4 
<2.8 .0224 2.15 1 ~ 4.5 4.0 
<2.8 43 10 
-
\C 
00 
Table 8-13. Water quality data for various depths of Hyrum Resenroir on November 17, 1972. 
Depth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
18 
18.5 
Temp. 
°c 
6.5 
6.5 
6.5 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6. 4 
6. 3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
Total 
Di •• OIV·lll1·peDd. 
Oxygen Solid. 
mgll mill 
8.5 
8.4 
8.4 
8.5 
8.5 
8 . 4 
8.4 
8 . 3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.2 
7 . 5 
7.5 
7.5 
7 . 3 
7.3 
0.9 
7.00 
7.33 
7. II 
7.33 
7.60 
6.89 
7.55 
7.39 
7 .72 
7.88 
7.00 
8.61 
12.0 
13 . 7 
17.3 
17.5 
2 0 . 0 
61. 6 
Seeehi Depth (M): 1.0 
Maximum Air Temp. (OC): 3.3 
Minimum Air Temp. (0C): 0 
Surface lllumination (LUK): 5,500 
Total 
lAnrnau1 NitritefNitrate1 Unfilt pH I Nitrogen Nitroge itroge Phos: ",II .. gIl "i/l "gIl 
8.0 
7.9 
8. Z 
8. I 
8.3 
8. Z 
8. I 
8.2 
8.2 
8.3 
8.1 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8 . 3 
175 
186 
199 
Z4 3 
3Z0 
171 
171 
187 
145 
160 
154 
154 
175 
163 
179 
141 
113 
18Z 
11.9 
12.5 
12.6 
IZ.6 
IZ.6 
IZ.8 
IZ.5 
IZ. I 
12.3 
12. I 
lZ.5 
IZ.6 
lZ. I 
12.2 
11.0 
10.5 
10.3 
10. 4 
413 
421 
417 
419 
404 
421 
417 
433 
406 
449 
421 
421 
388 
392 
38Z 
385 
40 6 
432 
221 
320 
10 7 
110 
91.6 
100 
7 6.5 
76.5 
339 
87.2 
82.8 
8 6.8 
96.1 
103 
112 
162 
Total 
Filt. 
PIl08. 
"gIl 
74.0 
68.4 
66.4 
67.0 
60.7 
73.3 
67.0 
63 . 9 
63 .9 
Or tho 
Filt. 
Phos. 
"gIl 
47. I 
43.9 
42.7 
4 2 .4 
43.6 
46.4 
47.4 
43.9 
43 . ' 
62.6 'I' 44.6 
60.7 45.8 
58.2 
62:0 
64.5 
62.0 
70.3 
67 .0 
70.3 
44. 2 
".2 
46.4 
47.4 
48.4 
50.8 
59 . 0 
Total I Total 
Unfilt. Filt. 
Carbon I Carbon 
mg/l mg/l 
58.5 
58.2 
57. I 
56.4 
56.5 
56.7 
54.8 
57.0 
55.0 
55. 2 
55.9 
57.1 
56.0 
54.5 
58.0 
51.9 
58.0 
53.8 
!norg. Total 
Filt. Aigae Diver-
s ity 
Index 
Carbon 10
3 
mg/l Cell.1 
1.5 
1. 3 
1.4 
1.2 
1.1 
1.1 
1.0 
1.3 
1.3 
1.1 
1.0 
0. 9 
0.9 
0 . 7 
1. 0 
0.7 
0 . 5 
1.9 
1.8 
1.8 
1.7 
1. 4 
1.2 
1. 3 
1.1 
0.9 
1.2 
1.2 
1. 2 
1.0 
1.0 
0.8 
1.4 
0.7 
0. 7 
2 .6 
1. 6 
0.9 
1. 7 
<0 .8 
<0.8 
<0.8 
<0.8 
2 . 3 
<0.8 
1. 1 
<1 . 1 
<1.1 
<1.4 
<1. 7 
<1.7 
<2.0 
<1.8 
<6.6 
ml 
2 . 52 
1.77 
I. 81 
1. 29 
1. 46 
I. 4 7 
.616 1 I. 44 
.407 1. 24 
.4521 1.22 
. 333 1 1.27 
.382 1 1. 24 
.2401 1. 68 
.120 1 1. 93 
.04621 1. 79 
Total 
Plate 
Count 
Bact. 
103 
efu/rnl 
2.5 
2 . 7 
2. 9 
3.4 
3.0 
3.0 
3. 3 
3 . 2 
3.3 
2.7 
2.7 
3.5 
5.5 
9.4 
13 
16 
19 
39 
Pig. 
Plate r ZOO-I Vertical Count lankton lllumi-
Bact. IlL nation 
10
3 
1
z
/l
o cfu/rnl 
Relative 
1.4 
1. 5 
1. 5 
1.6 
1. 9 
1.8 
1. 8 
1.5 
1.8 
1.5 
1.5 
1.6 
2.6 
5.4 
8 . 2 
9.9 
13 
19 
1. 7 
3. 9 
10. 0 
2.2 
7. 2 
5.0 
2.8 
1.1 
2.2 
4 . 4 
5. 0 
4.4 
1.3 
5. 0 
3. 0 
1. 5 
1. 0 0 
• Os(' 
. 019 
. 007 7 
.0023 
\0 
\0 
Table B~14. Water quality data for various depths of Hyrum Reservoir on December 20, 1972. 
Chlorophyll Total Total Toad Ortho Total Total Inorg. Oliiolv. ~\ft Nitrite Nitrate Io'g/l Depth Temp. ~peDd. UnfUt. F'ilt. FUt. Unfilt. Filt. Filt. OKy,ea pH Nltrogea Nitro,e. Nitrogen M °c Soli". Phal. Phos. Phos. Carbon Carbon Ca~bon mall 1l,/l ... /1 .. gil a b 
.... /1 .. g/! .. gIl Io'gll mgll mgll mgll 
0 0.0 Il.4 
1 1. 0 Il.O l.06 7.4 154 6.2 546 58.6 38.8 61.4 60.4 60. I 0.6 <0.3 
2 1.4 12. I 
3 1.6 12.0 l.OO 7.6 187 8.0 5Z6 liZ 40.0 61. 4 59.9 58.7 0. 4 <0.3 
4 1.8 11.9 
5 2.0 11.7 1.89 7.2 188 8.8 482 
-
67.2 41. 6 61.1 58.5 58.1 0.3 <0.3 
6 Z. I 11.5 
7 2.4 11.4 I.n 7.6 183 8.8 482 57 . 3 43.4 58.9 58.5 57.7 <0.2 <0. 3 
8 Z.4 11. Z 
9 2.8 11. 0 1.89 7.2 199 8.5 489 
-
53.0 40.6 62.6 59.9 57.0 <0.2 <0.3 
.-
10 3.0 11.0 
II 3.0 10.7 Z.11 7.3 194 8. Z 498 54.8 43.1 59.0 58.4 57.Z <0.2 <0.3 
12 3.0 10.5 
13 3. Z 10.2 Z.44 7.5 186 8. I 491 
-
59.7 46.5 61.1 58.8 57.7 <O.l <0.3 
14 3. Z 9.7 
15 3.2 9.3 2.78 7.2 211 7.8 513 . 61.0 46.5 61.8 59.8 57.0 <O.Z <0.3 
16 3.4 8.1 
17 3.3 8.7 7.27 7.5 ZI7 8 . 1 495 69.0 48.4 60.9 61. 3 57. I <0.2 <0.4 
18 3.4 8.3 64.4 7.3 Z08 7.6 50Z 83.7 53.6 63.9 62.5 58.0 <0 . A <1.4 
18.5 3.5 1.4 
'--- --- '--------- --- - -- ---- - -- -- ----- - ---
Secchi Depth (M): 3.6 (UDder ice and anow) 
Maximum Air Temp. ~c): 6. 8 
Minimum Air Temp. (oC): 0 
Surface Wum1DatlOll (~): 8.800 
Total Total 
Pl,. 
R.elative 
Plate Plate Zoo- Vertical Algae Diver- Could CCIIWIl 103 oity plaaktoa mum!-Bact. Bact. 
c Cellsl Index 103 
,IL aation 
103 
ml 
c:lulml cfu/ml 
1,./10 
1. 00 
I.l 3.89 .913 4.1 3.1 4.4 .18 
.065 
<0.8 2.00 1.24 2. Z 1.9 13.9 .032 
. 022 
<0.8 .637 1. 36 .95 .84 23.9 .0145 
.0094 
<0.8 .631 1.40 .45 . 35 ZZ . Z .0054 
<0.8 . 2Z4 1.50 .41 .35 6.7 
<0.8 .139 1. 6Z .36 .32 5.6 
<0.8 .116 1.1Z .28 • Z5 7. Z 
<0.8 .141 1.53 .33 .27 5.0 
<1. 0 .115 1.57 1.5 1.2 2.8 
<3.7 13 9.6 
'-----'---------
8 
Tahlp 8-1 S. Water quality da~ fnr vllriolls depths of Hyrum Reservoir on January 6, 1973. 
Depth 
M 
10 
II 
12 
13 
14 
15 
16 
17 
18 
18.5 
Di.aolv. 
Temp. I ""nen 
°c mill 
0.0 
\.4 
2.0 
~. 0 
2. 2 
2.3 
2. 5 
Z.7 
13 .8 
13 . I 
13. 4 
13.2 
12.6 
12.4 
12.l 
12.0 
2.8 1 11 . 6 
l . 9 
3.0 
3.0 
3. 0 
3.0 
3.2 
3.4 
3.4 
3.4 
3. 6 
3.7 
I \, 6 
11. 4 
II.I 
10. 7 
10.4 
10. I 
9. I 
8.7 
8.8 
6. I 
0.9 
Total 
Suapend. 
Solid. 
mgll 
2.88 
2.22 
1.67 
1. 17 
1. 1 1 
I. 83 
2.78 
3.83 
9.60 
54.9 
lAmmoniun-j NitritefNitrate 
pH I Nitrogen Nitt'oge itrogeE 
flg /\ iJ.g /l iJ.g l"t 
. I 158 
7. ~ 
7.2 
7 .3 
.2 
7 . ~ 
7.2 
7.2 
7.2 
7. Z 
151 
2 11 
187 
17 9 
Ib8 
169 
198 
171 
178 
0.8 
6. 7 
5.5 
5.0 
6. 0 
6.4 
6.5 
6.2 
6.5 
~70 
54 0 
562 
561 
565 
541 
523 
506 
542 
Secchi Depth (M): 1.9 (under ice and snow) 
Maximwn Air Temp. (0C): -8.4 
Minimwn Air Temp. (OC): -27.2 
Surface lllumination (Lux): 21.000 
Total 
Un/i1t . 
Pho • • 
f' g / I 
I 
Total 
F ilt. 
Pho •. 
fJ-g fl 
I 44 . 1 
4 5. 6 
46.3 
46 .3 
4 6 . J 
48.3 
5L 7 
52.3 
53.7 
59.7 
Or tho 
Filt. 
Pho •. 
f-'& /I 
l e.9 
31.5 
3 6 . 2 
38.3 
3' 6 
39 . 6 
41.6 
43.6 
47.0 
47.0 
Total 
Unfilt. 
Carbon 
mg / I 
59.8 
59 . 4 
59. Z 
59. 9 
59 . 5 
59.8 
57.6 
57.4 
59.6 
61.2 
Total 
Flit. 
Galbon 
mg ll 
58 .6 
57. 7 
56.8 
56.0 
55.2 
55 . 8 
56.2 
55.9 
55.7 
56.8 
11lorg. I ChlorOPhYl113otal 
Fiit. f-'g/l Algae 
Ga r bon I I I 103 
mg /l b : C 1 Cells / 
ml 
Diver-
s i ty 
Index 
T otal 
Plate 
Count 
Bact. 
103 
C£u/ml 
,7 .6 1 . ? <0.3 6. 8 8.75 1. 04 I 44 
55 .0 
55.0 
53.3 
53.8 
54. I 
54. Z 
54.3 
5<&. I 
54.8 
1. 9 
0.9 
0.4 
<0.2 
<0 . Z 
<0.2. 
<0.2. 
<0.3 
<1.3 
<0. 3 
<0.3 
<0.3 
<0 . 3 
<0.3 
<0.3 
<0.3 
<0.5 
<2.4 
2 .0 
0 .9 
<0.8 
<0.8 
<0. 8 
<0.8 
<0.8 
<1.4 
<6.3 
Z • .3 9 1.2 1 
1. 06 I. ZG 
.5 151 l. 16 
. 3811 1.20 
.305 I I. 31 
.2<&81 I. 2\ 
. 1571 I. 36 
1. 6 
[' 4 
1.1 
1. 6 
Z.5 
1.9 
2. I 
1.3 
9.5 
Pil' 
Plate ~ Zoo -
Count lankton 
Bact. NIL 
10 3 
cfu/ml 
38 
1. 3 
1.3 
. 96 
1. 4 
2. 7 
1. 6 
1.8 
1. 1 
7.4 
3.3 
11. 9 
11.1 
9.4 
3.3 
1.1 
5. 6 
3.9 
7.0 
Relative 
Vertical 
illumi . 
nation 
Iz/Io 
I. 00 
.022 
.0095 
.00 55 
0035 
.0024 
.001 " 
. 00094 
-Q 
-
Table B-16. Water quality data for various depths of Hyrum Reservoir on January 27, 1973. 
" 
, , 
iDh ... •• 
T.eal 
Dep6 T ... , ...,.... 0IIytea W ·c IollQ 
-.II l1li/1 
0 0.0 14.0 
1 Z.3 13.9 •••• 
2 Z.6 15.6 
3 2.8 lZ.1 4.39 
4 2.9 10.8 
5 3.0 9.8 2.28 
6 3.0 9.1 
7 3. a 8.9 1.39 
8 3.1 8.6 
9 3. I 8.5 2.H 
10 3.2 8.2 
11 3.2 7.6 1.95 
12 3.3 7.5 
13 3.4 7.1 2 . 83 
14 3.4 6.7 
15 3.4 5.6 •• H 
16 3.5 5.5 
17 3.6 6.2 9.40 
18 3.7 6.1 90.9 
18.5 3.7 0.6 
Se cchi Depth (M): 1.2 
Maximum Air Temp. (0C) : a 
Minimum Air Temp. (oC): -11.2 
Surface Illumination (Lux): 15. 000 
~ Nitrite pH NltrOien Nltrol·· 
1',/1 1'1/1 
7 •• 35.8 5. a 
7.1 49.4 3.7 
7.2 92.7 6. I 
7.2 69. I 4.9 
7.2 54. 7 3.7 
7.2 .4.6 2.9 
7.2 42.3 1.8 
7.2 41.4 2.3 
7.2 50.7 3.7 
7.3 65.6 5.3 
Chlorophyll 
Nitrate 
Total Total Ortbo Total Total Inor,. 
Il,/l UnfUt. Filt. FUt. UnfUt. Filt. Filt. Nitrole. Pho •• Phos. Pho •• Carbon Carbon Carbon 
1'1/1 1',/1 1'1/1 1'1/1 m,ll m,ll m,ll a b 
441 39.9 9.3 61. 3 6Z.3 60. I 7.9 <0.3 
5Z8 
-
35.6 12.9 60.9 61. Z 59.0 6.9 <0.3 
58. 
-
61 •• H.9 62.6 59 . 5 59.3 0.9 <0.3 
611 71.3 43.6 63.3 60.6 59. I 0.3 <0.3 
623 
-
62.8 ••• 3 , 61.4 60.6 59.0 0.3 <0.3 
592 72.7 .5.7 61.3 60.2 59.1 0 •• <0.3 
576 7 •• 1 48.6 61.6 61.5 59.7 0.3 <0.3 
650 64.2 52.8 61 .5 61.7 59.3 0 . 3 <0.3 
645 78.4 57.8 61.8 61 •• 58.6 <0 •• <0.6 
1170 
-
88.4 60.2 67.1 61. I 59.2 <1.3 <2.4 
Total ..... R:eI,ative Total Plate 
Algae Diver- Plate Zoo- Vertical Couat CaaIIt plankton 103 .ity IDumi-Bact. Bact. tIL nation c Cell. I Index 103 10' ml 
cfu/ml cfIa/ml 1./10 
I . 00 
7.0 16.0 .706 19 15 3. I .OZ3 
• 0091 
1.1 13.7 .706 2.7 1.8 17.8 .0046 
• 00Z8 
0.9 3.53 1.26 1.3 .8Z 9 •• • 00195 
.0014 
<0.8 1.36 1.18 1.1 .86 4 •• 
<0.8 . 758 I. 18 1.9 1.6 10. I 
<0.8 .249 1.30 1.0 .12 7.2 
<0.8 .296 1.0Z 1. 1 .86 8.3 
<0.8 .161 1.27 1.8 1.3 2.2 
<1.7 . 124 1.49 1.3 
<6.3 8 •• 3.3 
Table B-17. Water quality data for various depths of Hyrum Reservoir on February 10, 1973. 
Total Pl,. Relative 
DielolV'1 Total 
Total Total Ortho Total Total Inorg. Chlorophyll Total Plate Plate ~urr Nitrite Nitrate !,g/l Algae Diver- Count Zoo- Vertical Depth l'temp. I Ox s..lpeDd. pH jNitroger ' Unfilt. Filt. Filt. UnfUt. Filt. Filt. 103 lity COUDt .,lankton IDumi-M 0c ygen Solidi Nitrogen NitrogeI Phol. Phos. Pho •• Carbon Carbon Carbon Bact. Bact.. 
mgll mall !,g/l !,g/l !,g/l Cell.1 Index 103 
,IL nation 
.. gil .. gIl !'g/l mgll mgll mgll 103 Iz/Io ml 
cfu/ml cfu/ml 
20.6 J. 00 
14.1 3.06 7.1 64.8 6.9 292 23 .7 6 . 6 5 3. I 51. 4 50. 8 7 . 00 3. 2 18. 3 11. 4 . 884 12 11 6.2 . 040 
13.3 
.0125 
12.0 1. 33 7.2 71.4 7 . 2 ~36 28.9 21.1 53.4 52.7 52.2 2.1 0.5 4 . 6 3.76 .861 2 . .. 2 . 1 26.1 .0062 
11.5 
.0038 
10. 6 0.83 7.2 59.4 5.7 620 39.5 32.9 53.6 52.8 52.0 0.8 <0.3 1.5 . ~ 98 1.0'1 1.1 .93 8.3 . 0026 
9.6 
.0016 
S.5 0.78 7.2 25.0 1.2 670 52.7 44.7 52.3 54.0 51.9 0.7 <0.3 ;.5 .133 1.21 1.0 .83 4.4 
8.4 
7.6 1.78 7.2 21.2 1.3 689 52.7,. 46.1 53.9 53.4 53.7 <0.2 <0.3 <0.8 .302 1. 10 1.2 .98 11.1 
0 10 6.9 N 
11 6.1 1.28 7.2 28.9 1.6 653 57.8 46.7 52.6 54.5 52.7 <0.2 <0.3 <0.8 1m8 .977 .96 . 7 3 5.6 
12 4.8 
13 4.6 1.39 7.2 27.4 1.5 669 59.2 46.1 52.5 55.2 53.5 <0.2 <0.3 <0.8 .136 I. 08 .96 .87 3.9 
14 4.9 
15 4.9 4.16 7.1 53.9 1.2 681 62.9 46.7 52.9 54.0 53.8 <0.2 <0.3 <0.8 .0897 1.18 1.4 .93 3.3 
16 5.3 
17 5.0 17.7 7.2 35.2 3.7 62.3 60.2 50.0 55.3 54.2 52.0 <0.6 <1.0 <2.8 .502 1.14 4.1 2.2 
18 5.0 114 7.2 51.6 4.5 663 64.2 52.6 56.6 55.5 54.0 <1.3 <2.4 <0.3 15 8.5 
18.5 0.0 
Secchi Depth (M): 1.8 (under ice and .now) 
Maximum Air Temp. (oC): 1.6 
Minimum Air 'temp. (oC): -12.3 
Surface Illumination (Lux): 11 , 000 
-o 
~ 
Table B-18. Water quality data for various depths of Hyrum Reservoir on February 24, 1973. 
Total 
Depth Temp. Di •• olv. Sollpend. OIInen M °c Solid. 
me/ l 
mill 
0.6 ZI. Z 
1.4 15.3 1. ZZ 
2. I 
2.3 11. Z I. 56 
2.5 
2.8 10.6 1.39 
3.0 
3.0 9.7 1.22 
3.0 
3.0 6.3 1.39 
10 3.2 
11 3.6 6.0 Z.55 
12 3.6 
13 3.7 6. 6 4.78 
14 3.6 
15 3.4 6.3 10.6 
16 3.5 
17 3.8 5.7 12.1 
18 3. 6 5.6 83.0 
18.5 3.8 0.4 
Secchi Depth (M): 3.8 
Maximutn Air Temp. (OC): 8.9 
Minimwn Air Tetnp. (0C) : -6.8 
Surface Illumination (Lux): 10,000 
ArnnoniUIT Nitrite 
pH Nltrolen Nitrolem 
.. ,ll .. ,II 
7. Z ZZ3 6.0 
7.3 172 6.3 
7.3 69.1 3.5 
7.3 55.8 1.4 
7.3 42.6 1.2 
7.3 42.6 1.2 
7.3 26.5 1.5 
7.3 13.2 2.3 
7.3 39.7 Z.4 
7.3 85.3 4.4 
Chlorophyll Total Total Ortho Total Total Inor,. Nitrate Unfilt. Filt. Filt. Un£ilt. .. ,II ~itro,em Filt. Filt. Pho •• Fho •• Fho •• Carbon Carbon Carbon 
.. ,II 
.. ,II .. ,II "8/1 m81l mgll tn,ll b 
45.5 Z7.3 58. I 54.2 5 1.8 1.4 <0.3 
28.6 19.5 57.0 53. q 5Z.2 1.6 <0.3 
45.5 35.8 56.7 54. J 51.6 0.5 <0.3 
63.7 42.3 56.9 54.6 53.3 <0.2 <0.3 
59 . 8 45.5 56.9 54.5 53.7 <0.2 <0.3 
63.7 53.3 56.0 53.8 5Z.6 <0. Z <0.3 
65.0 56.6 56. I 56.6 53.0 <0.2 <0.3 
68. 'I 55. Z 57. Z 55.2 53.1 <0.4 <0.7 
68.9 54.6 55.9 55.0 54.1 <0.5 <0.9 
65.0 53.3 58.9 53.9 53.4 <1.3 <2.4 
Total Total 
Pl .. 
Relative 
Plate Plate Al,ae Diver- COWlt Zoo- Vertical 
103 aity COWlt plankton lllumi-Bact. Bac:t. Cellal Index 103 103 
tIL D&tiOIl 
ml 
cfulml cfu/ml Iz/Io 
1.00 
7..1 5.93 .654 24 23 3.3 . 0 69 
. 019 
2.8 3.87 .675 9.0 6.2 ZZ.2 .0105 
.0063 
1.1 1.52 .882 1.2 1.1 16. I .0039 
.0024 
<0.8 . 237 1.50 .81 • '/5 12.2 
<0.8 .116 1. 23 .90 
.80 6.7 
<0.8 .0607 1. 05 ).2 
.98 7.2 
<0.8 . 0159 .836 1.2 1.1 8.9 
<Z.O .211 I.U 4.6 4.0 1.4 
<2.3 .0106 .974 10.0 
<6.3 13 II 
o 
~ 
Table B-19. Water quality data for various depths of Hyrum Reservoir on March 10. 1973. 
De pth 
M 
10 
II 
12 
13 
14 
15 
16 
17 
18 
18 . 5 
Temp. 
°c 
0 . 2 
2 . 6 
2.9 
2. 9 
3.0 
3.0 
3. 0 
3. I 
3 . 2 
loS 
3. 5 
3. 5 
3 . 5 
3 . 6 
3. 7 
3. 8 
3. 8 
4 . 0 
4.0 
4. 0 
Dinolv. 
Oxya-
ml/I 
II. 2 
10.4 
11.5 
9 . 4 
8.5 
8. I 
7 . 6 
7 . 4 
6 . 9 
5.8 
5.5 
5 . 4 
5.8 
5. 7 
5 . 2 
5. Z 
5. Z 
4. 7 
4. 9 
0. 3 
Total 
Su.peDCI. 
Solid. 
.... /1 
0.89 
I. 67 
I. 17 
1.17 
I. 28 
2.33 
3.39 
6 .4 1 
9 .5 0 
18 1 
Se cc h i Depth (M ): 3.9 
Maxim um Air Te m p. (0C) : 8 . 9 
Minimum Ai r Temp. (oC): - 2 . 3 
Su rface Illumina tion (Lux) : 16.000 
f! i Total . Nitrite Nitrate UnlUt. pH =:iNitrole itroae Pho •. "Ill aUI "1/1 "1/1 ... /1 
7 .3 76.9 
7.3 50 . 8 
7 . 3 34 . 5 
7.3 30.5 
7 .3 1 2 9.3 
7.3 
7.3 
7 .3 
7 . 3 
7 . 3 
38 . 2 
30. I 
34 . 5 
33.7 
50 . 4 
7 . 0 
4.2 
1. 3 
<0 . I 
<0 . I 
<0. I 
<0 . 1 
0. 6 
1. 3 
4 . 4 
563 
58 3 
653 
684 
669 
702 
674 
7 14 
700 
632 
T otal 
Filt . 
Pho •• 
.. g/I 
47.4 
51. 3 
65.2 
79.0 
81. 0 
79 .0 
98.8 
.109 
101 
105 
Or tho 
Fill. 
Pho •• 
.. g / I 
24 . J 
l l.l 
38.2 
34. 9 
4 6 
50 .7 
46 . I 
59 . 7 
54 . 6 
(, 1 .8 
Total 
Unlilt. 
Carbo n 
rna/I 
5 1. 4 
S I. 9 
52. Z 
52.0 
52 .4 
53. I 
5 3 . 0 
54. 3 
54.7 
6 1. ::; 
Total 
Filt. 
Carbon 
11'\&/1 
C; I. Z 
~.! . " 
52 . 5 
52.9 
53.2 
5 3.2 
53.5 
54 . 2 
53.5 
53 . 9 
Ino r g. T o t .• 1 
Fill. Alg a ,- Di v e r-
s ity 
Inde .. 
Carbon 10
3 
mg / I Ce ll . ! 
50. I 
50 . q 
5 1 . .. 
52. I 
52 . 3 
52 . .. 
5Z . 1i 
53 . 4 
53. I 
53. 3 
1. 0 
2. I 
0. 4 
0.3 
<O. l 
<0.2 
<0 . 2 
O. Z 
<0.2 
<2 . 6 
<0 . \ 
0. 5 
<0 . 3 
<0 . 3 
<0.3 
<0.3 
<0 . l 
<0. 3 
<0 . 1 
<4 . 8 
ml 
I. ~ • ~j' 1 . 62 1 
4 . I I I. I S . 97 \ 
1.3 
<0.8 
<0.8 
<0.8 
<. 0 . 8 
<0. 8 
<0. R 
< I Z.6 
· 57~ 1 I. 10 
. 1H 11.02 
• l l8 1 I. 12 
. 147 1 I. 0 4 
. OH I I 1.04 
• Ol> l 1 1. 0 7 
.Ol51 1. 19 
T o t a l 
Plal~ 
COUilt 
Bact. 
103 
cfu /ml 
(, . t') 
4 . 0 
5 . 0 
4.0 
1. 5 
I. \) 
\ . \ 
4 . . 1 
Pi i_ 
Pla le 
Count 
Bact. 
103 
ctu/ml 
t'I, .~ 
1.1 
1. 6 
8.l 11. I> 
I II 7 . I 
_.!._~ __ -L-. __ 
Zoo-
~l&nkton 
w/L 
2. >l 
11.1 
1.1.9 
7. Z 
3. ' 
1. 7 
1.7 
',,0 
1",. (1 
R .. I.t! v~ 
Ve rtical 
Ulumi -
na tion 
I~/lo 
I. ,)n 
. 1(, 
· l"~ 
· tl l.! 
· 0 1 6 ~ 
• 014 ~ 
.0 105 
. 0 07 8 
.00 5-1 
.00 34 
. 0 0 17 
.0 0 10', 
o 
!Jl 
Table 8-20. Water quality data for various depths of Hyrum Reservoir on March 27, 1973. 
Depth 
M 
10 
II 
12 
13 
14 
15 
16 
17 
18 
18.5 
Temp. 
°c 
1.0 
3.2 
3.4 
3.2 
3. i 
3.1 
3.3 
3.5 
3.6 
3.7 
3.7 
3.8 
3.9 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.1 
Total 
DiaIOIV.! Sulpend. 
Oxylen Solid. 
mill mgll 
11.6 
11.0 
10.5 
9.5 
8.9 
8.4 
8. I 
7.6 
7.0 
6.2 
5. 9 
5.5 
5.3 
4.9 
4.0 
4.2 
3.6 
4.2 
1.00 
1.56 
1.11. 
1.39 
1.39 
1.33 
1.89 
2.45 
8.30 
4.3 I 660 
0.3 
7.2 65.3 
7.2 I 48.4 
7.2 
7.3 
7.3 
7.2 
7.2 
7.2 
7.3 
7.2 
24.0 
5.8 
7.0 
3.3 
2.9 
4.5 
8.7 
57 .0 
6.1 
5.7 
2.9 
1.4 
1.6 
1.4 
1.6 
1.6 
3.3 
8.5 
Secchi Oepth (M,: 3.7 (under Inow and ice) 
Maximum Air Temp. (oC): 10.0 
Minimum Air Temp. (OC): -2.3 
Surface IDumlnatlon (Lux,: 20,000 
524 
573 
646 
662 
695 
712 
703 
678 
660 
656 
Total , 
Filt. 
Pho •• 
Ilgl1 
42 .8 
52.8 
62.7 
71.4 
Ortho 
FUt. 
PhOI. 
Ilgl1 
17.1 
34.0 
42.2 
49.3 
67.1 ,.150.7 
72.7 
71.4 
79.9 
85.6 
98.4 
55.7 
56.4 
57.8 
60.0 
71.4 
Total I Total 
Unfilt. Filt. 
Carbon Carbon 
mgll mgll 
52.8 
55.5 
58.2 
56.9 
58.3 
57.5 
58.3 
57.5 
59.0 
90.4 
50.7 
54.9 
57.9 
58.0 
58.0 
59.1 
59. I 
57.8 
58.3 
60.0 
!norg. Total 
Filt. Algae Diver-
sity 
!ndex 
Carbon 10
3 
mgll Cell. I 
m1 
50.7 0.5 <0.3 <0.8 .898 I , 761 
56.0 0.7 <0.3 <0.8 . 629 .938 
5; .3 0.5 <0.3 0.9 . 643 I I. 22 
57.2 0.3 <0.3 <0.8 . 478 I 1.30 
58.3 <0.2 <0.3 <0.8 .2.f9 I 1. 31 
58.4 <0.2 <0.3 <0.8 .133 I 1. 18' 
57.7 <0.2 <0. 3 <0.8 .110 I 1. 33 
58.0 <0.2 <0.3 <0.8 . 106 I 1.23 
Total 
Plate 
Count 
Bact. 
103 
cCu/ml 
18 
6.6 
4.4 
2.7 
2.4 ' 
3.2 
2.3 
3.0 
57.8 
57.9 
<0.3 <0.6 <1.5 
<5.8 1<10.4 1 <27.8 
.0383 I . 833 I 13 
9.1 
Pil' 
Plate r ZOO-I Vertical Count lankton IDumI-
Bact. .1 L nation 
' 10
3 
Iz/I
o cfu/nll 
Relative 
17 
6.3 
3.8 
2.4 
Z.' 
2.8 
2.0 
Z.5 
12 
5.9 
1.7 
13.9 
10.0 
5. 0 
3.9 
3.9 
1.7 
3.3 
5.0 
1. 00 
. 16 
.071 
.030 
.016 
.0115 
.0093 
.0012 
.0055 
.0043 
.00Z6 
.001 7 
.00097 
o 
0\ 
Table B-21. Water quality data for various depths of Hyrum Reservoir on April 17, 1973. 
Depth 
M 
10 
II 
12 
Temp. 
°c 
5.2 
5.2 
5.2 
5.2 
D$.s801v. 
Oxygen 
mel l 
10.7 
10.6 
10.5 
10.4 
5.0 1 10.3 
5.0 10. I 
5.0 1 10. I 
5.0 10.0 
5.0 1 9.9 
9.9 
9.9 
9.9 
9 . 9 
Total 
5'.18 pend. 
Solid. 
mel l 
12.4 
14.9 
17.0 
16.0 
17.5 
16.8 
Total ~1 Nitritefitrate1 UnfUt. 
pH I Nitr<>len NitrOie itrole PIlos. 
1-11/1 1-11/1 1-11/1 Ilg/l 
7.3 49. I 3.5 528 
7. 3 48.5 4.5 542 
7.3 48.5 4.5 528 
7.3 55.5 4.0 542 
7. Z 57.3 4.5 561 
7.2 55.5 3.4 568 
Total 
Filt. 
?ho •• 
Ilg/I 
47.0 
55. I 
55.1 
63. Z 
55.1 
59. I 
Or tho 
Filt. 
PIlos. 
Ilg/I 
19 . 7 
21.8 
24.5 
23.8 
.1 
23.8 
Total 
Unfilt. 
Carbon 
mgll 
51. 2 
51. 4 
51.7 
50.8 
49.0 
50.2 
Total 
Filt. 
Carbon 
mg/l 
oJ. 6 
50.2 
49.8 
49.8 
49.5 
50.8 
Inorg. Total 
FilL Mgu Diver .. 
sity 
Index 
Carbon 10
3 
mgll Cells I 
ml 
48.8 8.8 <0.5 < I. 4 5.60 1 . 819 
48.5 Q.6 <0.5 <1.4 5.2 1 1 .60 I 
48.4 9.3 <0.6 <1.7 4.38 1 .738 
48.5 8.8 <0.8 <2.1 4.43 1 .762 
48.1 8.4 <0. 7 <1.8 5.051.691 
48. I 8.3 <1.0 <2.6 4.46 1 .793 
Total 
Plate 
COWlt 
Bact. 
103 
cCu/rnl 
16 
16 
16 
17 
16 
14 
Pig. ~ Relative Plate Zoo- Vertical 
Count lankton illurni-
Bact. ~/ L nation 
10
3 
Iz/Io cfu/rnl 
II 
II 
II 
11 
II 
9. I 
1.0 
1.3 
1. 3 
1.5 
3. 8 
1.00 
.064 
.0062 
.0010 
9 . 7 
9.0 17.8 
7 .7 
6. I 22.2 
5.0 297 
1.3 
~1.4 
113 
. 7901 . 894 
I. 4\ 
----'------'---J.-~~_'_______'____~~::L 
13 
14 
15 
16 
17 
18 
18.5 
<;.0 
5.0 
5. 0 
5.0 
4.8 
4.8 
4. 5 
4.3 
4.0 
4.0 
4.0 
9.8 I 16.0 4.4 
5.0 
5.4 
7.0 
7.2 56 .7 4.65 1 .725 8.4 <1.0 1 <2.8 18 10 
7.3 59.0 3. II 1 .761 10 6. 0 
7.3 
7.2 
5.3 <1. 0 1 <2.8 
2.8 
13.0 
<1. 0 <2.8 
<8.6 <23.0 37 
51.0 25.8 1 ,50.9 543 50. I 48. 3 
18 
588 73.4 35.4 1 55.4 53.9 53. I 
56. 2 
5 5.4 
654 
586 
85.6 
125 
44 .2 58.4 
62.6 64.5 
57.3 
57.8 
Secchi Depth (M): .75 
Maldmum Air Temp. (0C): 8.9 
Minimum Air Temp. (oC): 4.4 
Surface nluminaUon (Lux): 32,000 
-~ 
Table B-22. Water quality data for various depths of Hyrum Reservoir on April 28, 1973. 
Total Di •• olv. Depth Temp. ~.pad. Oxylen M °c Solid. 
ml/I 
ma/I 
0 10.0 9.3 
I 8.0 9.3 15 . 7 
2 7.9 9.1 15.6 
3 7.7 9.0 14.9 
4 7.Z 8.9 IZ.7 
5 7.0 8.8 13.1 
6 7.0 8.6 11.9 
7 · 6.8 8.7 11.3 
8 5.9 8.6 10.5 
9 5.6 8.6 9.00 
10 5.4 8.5 10. 2 
11 5.3 8.4 10.5 
12 5.3 8.3 10.7 
13 5.3 8.2 11.2 
14 5.3 8.2 1l.8 
15 5. I 8. I 11.0 
16 5. I 8. I 11.8 
17 5. I 8. I 12.4 
18 5.0 7.9 16.0 
19 5. 0 1.9 116 
LBR 7.0 10.9 119 
Secchi Depth (M): .7 
MaJdmum Air Temp. (oC): ZZ.3 
Minimum Air Temp. (OCl: 3.3 
Surface nlum1Dation (Lwrh 45,000 
Nitrate ~ Nitrite pH !Nitrol" ~itroge" Nitrogen 
1'1/1 1',/1 1'1/1 
7.3 50.8 6.0 47'J 
7. Z 45.5 5.8 505 
7.3 50.3 5. 9 476 
7. Z 47.8 5.2 455 
7..Z 66.4 5.5 466 
7.3 58.0 4.9 518 
7.Z 51.4 6.2 506 
7. Z 57.4 6.3 526 
7.3 54.4 6.2 516 
7.2 63.4 7.2 541 
7.2 66.4 6.4 532 
7.3 69.4 6.9 528 
7.3 63.4 6.6 528 
7.2 90.3 6.3 564 
7 . 3 76.6 7.6 590 
7. Z 90.3 7.6 539 
7.2 94.5 6.8 567 
7.3 87 .3 7.6 516 
7.3 Z43 8.9 540 
7.4 87.3 5.8 403 
Total Total Ortho 1"*1 Total Inorg. Chlorophyll 
"gIl UnfUt. Filt. Filt. o.o:tilt. Filt. Filt. 
Pho •• Pho •• Pho •• Carbon Carbon Carbon 
a b I-'g/I I-'g/l "gIl mgll mgll mgll 
188 109 40.9 49.5 47.3 43.7 2.6 <0.3 
ZZ4 131 41.8 48.9 47.6 45. Z 1.6 <0.3 
218 120 36.4 48.9 46.8 ".9 1.4 <0.3 
191 128 31.8 50.7 47.9 46.1 1.1 <0.3 
191 131 35. ~ 49.8 47.6 45.9 1.2 1.3 
IZ3 123 36.4 50.0 48.1 46.1 . 0.8 <0.3 
147 1Z3 31.8 50.3 49.0 47.7 0.7 <0.3 
109 109 35.5 5i. 4 50.8 48.4 0.6 <0.3 
134 115 41.8 52.3 49.9 47.6 0. 6 <0.3 
134 123 . • 29.1 52.8 50.5 400 0.8 <0.3 
131 131 2'1.3 51. 7 49.1 49.1 0.6 <0.3 
139 123 36 . 4 52.5 51. 2 48.4 0.8 <0.3 
115 115 34.6 51. 6 50.3 49 . 2 0.9 <0.3 
142 142 43.6 50.9 49.9 0.8 <0.3 
117 117 34.6 50.7 50.4 0.7 <0.3 
115 115 43.6 53.6 50.6 50 . 7 0.8 <0.3 
109 109 40.9 51.4 51.7 49.4 0.9 <0.4 
164 liS 42.8 52.6 50.7 50.0 1.2 <0.9 
396 136 54.6 58.1 52.2 50.8 6.7 <3.5 
358 115 36.4 43.8 38.9 35 .5 3.00 <3.5 
Total Pig. Relative Total Plate Plate Zoo- Vertical Algae Diver- Count 
10 3 Count !plankton Wumi-.ity Bact. 
c Cell.1 Index Bact. 103 
~/L nation 
103 lz/lo ml 
cfu/ml cfu/ml 
1. 00 
<1.4 .704 1. 04 14 10 17.0 .026 
<1.4 .338 1. 23 14 9.0 4.5 .003 5 
<1.4 .294 1. 40 12 8. 0 2.0 .00054 
<1. 4 .240 1. 52 11 7.5 3.0 
<1 . 4 .174 1.50 9.4 6. 0 5.0 
<1.4 8.5 5.9 1.0 
<1.4 .139 1.51 9.8 ~. 9 3.0 
<1.4 8.0 5.1 5.0 
<1.4 .154 1.32 7.5 5.2 0 
<1.4 7. I 4 . 4 1.0 
<1.4 .163 1. 53 6.7 4.2 0 
<1.7 7.3 4.3 4.0 
<1.7 .150 1.53 7.2 4.2 3.0 
<1.7 6.8 4.2 
:." I <1.7 .140 1. 64 5.7 2.9 
<1.7 7.8 4.5 0.9 
<Z.O . III 1. 50 6.9 3.9 5.0 
<2.3 8.9 5. 6 5.7 
<9.2 .0779 1. 45 68 37 
<9.2 90 65 
o 
00 
Table B-23. Water quality data for various depths of Hyrum Reservoir on May 12, 1973. 
Depth 
M 
10 
11 
12 
13 
14 
15 
]6 
17 
18 
19 
20 
LBR 
Temp. 
°c 
12.3 
10.9 
10.5 
10.2 
Dil.olv. 
OxYien 
mill 
9 .5 
9.5 
9.5 
9.5 
9.5 
9 .5 
8.9 
8.6 
8.6 
8.5 
8.3 
8 . 2 
8 . I 
8 .1 
8.0 
7 . 8 
7.5 
7.5 
7 .4 
7 .3 
Total 
Sulpend. 
Solid. 
mall 
7. Jl 
9.01 
9.01 
8.81 
9.57 
9.30 
10.7 
9.80 
10.2 
10. 9 
10. 7 
11.0 
10.7 
9 .80 
11. 7 
13. 3 
14 . 9 
15.7 
16.0 
9.9 
8.7 
7 .0 
6.8 
6.8 
6.6 
6.3 
6. 3 
6.3 
6.2 
6.2 
6.2 
6.2 
6.2 
6.2 
6.0 
6. 0 o. 6 13890 
8.8 1 11.8 64.4 
Secchi Depth (M): .95 
Maximum Air T emp. (0C) : 26.6 
Minimum Air Temp. (OC) : 0 
Surfa ce Illumination (Lux) : 39.000 
Total IAnnmumI NitritefNitrate4 Unfilt. 
pH I Nitrolen Nitroge i~roge Pho •• 
.,.g/l .,.g/l .,.g/l .,.g /l 
7 , 2 
7.1 
7.2 
7.2 
7. 1 
7 .2 
7 .2 
7.2 
7.2 
7.2 
7.2 
7 .2 
7.2 
7 .2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
50.2 
50.2 
52.3 
52.3 
54 .4 
54.8 
52.3 
59. 9 
54.4 
56 . 8 
57.3 
55.4 
66.9 
62 . 4 
68.8 
82.5 
79.0 
70.0 
75.5 
94.6 
7. 6 
7.6 
7 .8 
7 . 6 
8.0 
7 . 6 
9 . 3 
10 .2 
11. 5 
11. 5 
12 . 2 
12 . 7 
12. 9 
13 . 2 
13.9 
14.4 
14.6 
15.4 
16. 1 
5.9 
408 
406 
406 
434 
449 
496 
505 
529 
5 13 
548 
554 
566 
541 
571 
612 
560 
592 
581 
592 
342 
T otal 
Filt. 
PhOB. 
.,.g/l 
65.3 
63. 3 
65. 3 
6 1. 2 
55 . I 
59 . 2 
55. I 
6 1. 2 
59 .2 
6 5. 3 
71.4 
7 1: 4 
5<;.2 
6 5. 3 
71.4 
73 . 4 
87 .7 
85.7 
75 . 5 
222 
Ortho 
Filt. 
Ph"B. 
.,.g/l 
2 5 . 2 
24 .5 
25.2 
26.5 
26 . 5 
31. 9 
33. 3 
38 .
' 
38 I 
38 . 7 
38 .7 
42.2 
40.8 
38 .7 
42.2 
46.2 
4 5.6 
46 . 2 
4 8 .9 
113 
55 .1 1 2 6 5 
Total 
Unfilt. 
Carbon 
~I!/I 
54.4 
40.4 
41.8 
41.3 
41. 3 
43.0 
43.8 
43. 7 
44 . 1 
44. 5 
4 5. 1 
44.9 
47.3 
45 . 3 
45. 3 
47. I 
47. 5 
47.6 
49.2 
355 
40. 7 
Total 
Filt. 
Carbon 
mg l l 
43 . 8 
39.9 
40.5 
45.1 
4 2 .3 
42 .4 
43 . ] 
43.2 
45.6 
45 . 6 
47 . 6 
44. 7 
4 5.4 
4 6 . 3 
4 6 . 4 
45 . 9 
47 . 4 
45.9 
48.1 
38.3 
Inorg. T ot al 
Filt. Alga e Dive r-
Bity 
Index 
Total 
P late 
Count 
Bact. Carbon 10
3 
m gl l CellB I 
42. 2 
36.0 
3 6 .4 
39. 2 
36.7 
37.2 
38.4 
39 .0 
39.4 
38. 7 
40. 7 
41.1 
41. 1 
41 .3 
4 1.3 
42 . 3 
41. 6 
42.3 
1. 2 
1.7 
1. 2 
0 . 7 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0 . 5 
0 . 5 
0. 5 
0 .5 
0.6 
0.6 
0.6 
0.8 
0.7 
43.3 11 34 
34.4 < 1.4 
<U.3 
<0 . 3 
<0 . 3 
<0 . 3 
<0 .3 
<0 . 5 
<0.5 
<0.5 
<0 . 5 
<0.5 
<0.5 
<0 .5 
<0.5 
<0 . 6 
<0.7 
<0 . 7 
<0.9 
< 1. 0 
< I. 0 
<0. 8 
<0.8 
<0 . 8 
<0 .8 
<0 .9 
< 1.4 
< 1.4 
<1.4 
< 1.4 
< 1.4 
< 1.4 
<1. 4 
< I •• 
<1. 4 
<1.7 
<2.0 
<2.0 
<2 .8 
<2.8 
<23.6 1 <62 . 4 
< 1. 3 <3. 5 
m l 
\03 
cfu/ml 
. 294 . 884 8. i 
. 6 15 . 526 7.0 
.286 . 710 10 
. 156 . 9 15 14 
.0765 I. 56 9. 8 
.0937 1 I. 2 7 
.0534 11. 62 
.0317 1 I. 39 
. 0435 1 1.59 
. 0396 1 1.67 
. 0277 1 1.20 
. 02 5 1 1 1. 8 8 
9.7 
9.8 
8.5 
7 .1 
7.5 
6.0 
8 . 5 
7.4 
7.3 
5.0 
6.4 
5. 8 
8.2 
6.0 
510 
43 
Pig. 
Plate ~ Zco-
Count lankton 
Bact. tIL 
103 
c!u/ml 
4.5 
4.3 
6.1 
6. 6 
5. 6 
5 . • 
6. 0 
4 .8 
4.3 
4. I 
3 . 3 
4.4 
4 . 4 
4. 2 
2.8 
3.1 
3. 1 
3 . 6 
2.4 
290 
24 
92. 1 
18. 3 
10.0 
8. 7 
3. 6 
4.0 
1.0 
3. 0 
2.0 
~. 0 
1.0 
I. lJ 
2. 0 
3. 3 
1. 3 
5. 7 
1.4 
1.4 
R"lative 
Vertical 
IDumi-
nation 
Iz/lo 
I. 0 0 
.1 5 
.029 
.077 
.024 
.0005 4 
-~ 
Table 8-24. Water quality data for various depths of Hyrum Reservoir on May 30, 1973. 
Depth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
22,.5 
LBR 
Total 
Di •• 019·1 ~.pnd. 
Temp. I ClIirt'a- Solid. 
DC -.11 .... 11 
15. I 
13.0 
12.6 
12.3 
12.2 
12. I 
II. 9 
9. I 
9.5 
9.5 
9.6 
9.5 
9.4 
9.2 
7.8 
7.7 
7.6 
7.6 
7.5 
7.5 
7 . 5 
7.4 
7.4 
7. I 
7. I 
7.0 
7.0 
6.9 
6.7 
6.5 
6.40 
6.50 
6.50 
5.60 
5.20 
5.90 
8.00 
9.10 
8.70 
8.90 
8.70 
9.30 
9.70 
10.4 
10.0 
11. I 
11.9 
12.0 
9.7 
11. I 
12.3 
23. I 
9.9 
9.5 
9.4 
9.3 
9. I 
9.0 
9.0 
9.0 
9.0 
8.8 
8.7 
8.6 
8.5 
8.4 
8.3 
8.2 
8. I 0.3 14130 
10.5 I 11. I 40.2 
Secchi Depth (M): 1.35 
26. I 
3.9 
36,000 
Maximum Air Temp. (DC): 
Minimwn Air Temp. (DC): 
Surface lliumination (Lux): 
lAnwnn~itrlt·fNitrate 
pH I Nitr ...... ' trole ltrole. 
!ll/l Ili/l Ilg/l 
7.8 
8.3 
8. I 
7. I 
411 
344 
353 
351 
42.9 
38.0 
34. I 
38.8 
39.9 
39.6 
38.2 
37 . 4 
39.9 
44.6 
47. I 
35.7 
39.6 
44.8 
48.8 
41. 6 
37.4 
45.4 
39.6 
40.2 
38.8 
52.6 
6.6 ' I 366 
3.9 
2.9 
3.0 
2.9 
2.7 
2. 6 
2. I 
2.7 
2.3 
2.4 
Z.6 
2.3 
1.7 
3.0 
2.6 
1.7 
3.9 
54.0 I 19.4 
4.8 
383 
416 
433 
«5 
«9 
427 
«5 
455 
469 
4~ 
~6 
521 
~8 
~4 
507 
4" 
481 
~o 
504 
Total 
UnCilt. 
PhD •• 
I1gl1 
109 
Total 
Filt. 
PhD •• 
I1gll 
41.6 
69.339.3 
80.9 
97. I 50.8 
87.948.6 
99.4 62.4 
90.2 64.7 
76.3 
71.6 
Ortho 
Filt. 
PhD •• 
I1gl1 
1.5 
5.4 
<1.0 
9.2 
II. 5 
13.9 
27.7 
30.0 
30.0 
106 
113 
120 
109 
109 
123 
127 
71.6 'I' 29.2 
67.0 28.5 
'71. 6 
62:4 
76.3 
127 I" 80.8 
132 ' 73.9 
113 90. I 
148 
153 
134 
132 
17~ 
5020 
73.9 
85.5 
90. I 
90. I 
113 
136 
36.2 
33.9 
32.3 
34.6 
37.7 
39.2 
37.7 
43.8 
44.7 
44.7 
57.6 
81.6 
157 73.91 26.2 
Total 1 Total 
Unfilt. Filt. 
Carbon Carbon 
mgll mgll 
Inol'l' Total 
Filt. Algae . Diver ... 
sity 
Index 
Carbo.. \03 
mgll Cell. I 
7.5 
9.2 
9 .2 
8.0 
3.0 
1.8 
1.1 
0.9 
0.7 
0.6 
0.7 
0.5 
0.6 
0.4 
0.4 
0.4 
0.6 
0.5 
0.5 
<0.4 
<0.4 
<0.6 
<0 .5 
<0.5 
<0 .5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0. 6 
<0.6 
<0.6 
<0.7 
<0.7 
<0.7 
<0.7 
<0.7 
<1. 0 
<1.4 
<1.4 
<1.4 
<1.4 
<1. 4 
<1.4 
<1.4 
<1.4 
<1.4 
<1.4 
<1.4 
<1.4 
<1.4 
<1.5 
<1.7 
<1.7 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.8 
<29.0 1 <51.8 1<\38 
<1.4 <1. 3 <3.5 
mI 
6.47 .831 
6. 54 . 797 
6.29 .918 
1. 47 1. 56 
1. 93 , 990 
. 12411 . 44 
.11611. 43 
.177 11.48 
.4871 .924 
.25811. 50 
.072711.45 
• ZZI 11.48 
.196 11. 47 
Total 
Plate 
Count 
Bact. 
103 
cfu/ml 
3.9 
5.3 
4.8 
5.0 
6. I 
3.8 
7.3 
7.8 
7.7 
6.3 
II 
7.4 
7.6 
7.2 
10 
7.3 
7. I 
6.9 
7.7 
6. I 
5.7 
63 
55 
P1~:~j Total lFecal ~_ CoaJIt Coll- Coli- .. 
Bact. form. Corm. ., L 
10] "100ml 1I00mi 
cfu/m. 
1.6 
3.2 
3.1 
1.9 
Z7 
3.0 I 100 
2.0 
3.6 
5.3 
4.4 
3. 9 
7.3 100 
3.9 
4.4 
4.0 I 100 
7. I 
10 
100 
5.0 I 0 1100 
4.3 
4.1 
4.5 
3.7 
3.9 
27 
37 
100 
20.0 
19.0 
23.0 
14.0 
10.0 
5.0 
7.0 
3.0 
Z.O 
2.0 
3.0 
4.0 
3.0 
2.0 
2.0 
1.0 
2.0 
1.0 
3.0 
Relative 
Vertical 
nlumi-
....tlon 
lEIla 
1. 00 
.175 
.037 
.0099 
.0047 
.0019 
o 
Table B-25. Water quality data for various depths of Hyrum Reservoir on June 9. 1973. 
De pth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
21. 
Temp. 
°c 
16. 0 
15.9 
15 . 0 
14.0 
12 . l! 
12.2 
12 . 0 
11. 9 
11. 7 
11. 6 
11. 3 
1 1. 1 
11. 0 
11.0 
10. 8 
10 . 6 
10.3 
10 . 1 
9.9 
9 . 5 
9 . 5 
9 . 5 
9 . 2 
ot •• olv. 
OxYien 
ml/1 
8.5 
8.6 
8. 
8.3 
8. 0 
7 . 9 
7 . 8 
7.8 
7 . 8 
7 .8 
7 . 7 
7 . 6 
7 . 6 
7 .4 
7 .4 
7 .3 
7 . 2 
7. 1 
6.8 
6. 5 
6 . 2 
6. I 
0 . 9 
Total 
S<lIpend. 
Solid. 
mill 
1. 78 
Z. 89 
3 . 28 
4 . 28 
3.89 
3.89 
3. 6 1 
3 . 6i 
3.11 
3 . 33 
3 . 6 1 
4. 44 
4 . 78 
7. 17 
Total lAmmon;.4 Nitrl.tefNitrate4 Un filt . 
pH I Nitrolen Nitrole i troge P ho • . 
1&,/1 1&1/ 1 ... g/l ... g / l 
7. 5 2 2. I 
7 .6 2 2.7 
7 . 6 17 . 2 
7 . 6 20 .4 
7 . 7 
7 .7 
7 . 7 
7. 7 
7 . 7 
7 . 7 
7. 7 
7.7 
7 . 7 
7. 7 
20.9 
22 . I 
18 . I 
23 . I 
2 4 . 6 
20. 7 
2 5. I 
24 . 6 
18.9 
26 . 8 
4 . 5 
4 .2 
4 . 5 
4 . 7 
5 . 0 
5 . 0 
5.0 
5 . 0 
5 . 0 
5. 0 
5.0 
5. 0 
5. ~ 
5 . 5 
41 "1 
443 
4 06 
397 
499 
4 68 
4 68 
4 38 
4 66 
4 2 7 
4 54 
4 68 
486 
476 
Tota l 
Filt . 
Pho • • 
... g / l 
Z7.8 
26 . 0 
20 .8 
38 . 2 
41. 6 
4 6 . 8 
4 5 . I 
41. 6 
38.2 
50.3 
4 1. 6 
4 6 .• 8 
45 .1 
38 . 2 
Ortho 
Filt. 
Pho • • 
... g / l 
6 . 9 
7.5 
11. 5 
13.3 
13 . 3 
Il.7 
17 . 3 
I n 1 
1. 5 
1 S . 0 
18 . 5 
20. 8 
15 . 6 
19. 1 
Total 
UnlUt. 
Carbon 
m g/l 
Total 
Filt. 
Carbo n 
mgl l 
Ino r g. h C hl0 r OPhYIl T o tal 
Filt. ...g / l Alg a e 
Ca rbo n 10
3 
mgl l a b Ce ll . 1 
ml 
Di ve r -
sity 
Ind"", 
1. 5 
1.1. 
1. 0 
0.9 
o. ~ 
0 . 7 
0 .6 
0 .5 
0 .5 
0 . 5 
0 . 5 
0 . 5 
O. , 
0 . 5 
<0 .3 
, 0 . .I 
<0 . j 
<0.3 
<0 . .l 
<0 . j 
<0.3 
<0.3 
<0 .3 
<0.3 
<0.3 
<0 . j 
<0. ) 
<0.3 
<0.8 
<0 . ~ 
<0 . H 
<0.8 
<0. 8 
<.0. B 
<0. 8 
<0. 8 
<0 . 8 
<0. 8 
<0. 8 
<0.8 
<0 . 8 
<0. R 
.773 1. 17 
. 87 8 1. 10 
.099 I 1.42 
.565 1 1..l7 
.407 I 1. 5 9 
.309 1 1. 6 0 
. l. 4 3 1 1. 50 
• 1 q3 1 1. 85 
.1 n 1 1. 87 
__ --L_---'L--_-L-__ ...l---.JL-._-L_--.l _ _ ..l.-_~. 7 30 . a I .J __ L I\R 11. 7 8.7 2 1. 3 7.6 1 48. 4 9. 8 75 J 
Secc h i Depth (M) : 3.5 
Maximum Air Temp . (0C): 35 . 6 
Minimwn Ai r Temp. (OC ): 1 1. 2 
Su r fa c e Illumination (Lux): 39.000 
To ta l 
Plat e 
COWlt 
Bact . 
103 
cfu/ml 
1. 4 
2. 8 
4 . a 
2.5 
3.0 
1.5 
7.0 
) .5 
4. 7 
5 . 8 
6.2 
5. 6 
5 . 7 
4 . 8 
8.3 
5. 8 
4 .8 
4 . 8 
4 . j 
5. 4 
7 . 0 
960 
80 
Pl,. 
Plat'lT Dt al I Fec al r Z oo · 
Cowst Coli- Co l i - lank to n 
Bact. fo r m . fo nn. , 1 L 
10 3 /l Oami "IOOml 
clulml 
. 80 
1. 6 
2 . 7 
1.3 
3 . 0 
.7 5 
4 . 2 
2 . 0 
2 . .. 
4.0 
.l .7 
3.5 
4.0 
2.9 
4.7 
I . h 
I. . q 
2 . 6 
2 . 3 
2.3 
3 . 3 
37 0 
4 ~ 
20 
11. 
16 
Il 
2u 
1 10 
15.6 
26 . 1 
n . 3 
\ ~ . S 
~ 1. 1 
17 . l 
I I. l 
10.6 
n . \ 
I L . l. 
17.8 
11. 7 
1>.7 
'1. l 
R elative 
Ve r tica l 
illumi -
nation 
1. /10 
I. 00 
.43 
.20 
· OS.l 
· 0 1 (. 
· 0078 
· 004 2 
· 001 R 
· 0007 
Table 8-26. Water quality data for various depths of Hyrum Reservoir on June 25. 1973. 
Depth 
M 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
LBR 
Total 
Dia.oIV·I9.aapnd. 
Temp. I <Myl·" Solida 
°c mill me/ l 
18. I 
16.9 
16.6 
16.3 
16.2 
14.9 
14.4 
14.2 
14. I 
14.0 
13.9 
13 . 9 
13.9 
13.7 
13.4 
13.3 
13.2 
13. I 
13 . 0 
12.9 
12.7 
12.2 
12.0 
12.7 
8.8 
8.9 
9.0 
8.9 
8.8 
8. I 
8.0 
7.9 
7.8 
7.8 
7.7 
7.6 
7.6 
7.5 
7.3 
7. I 
7.0 
6.9 
6.7 
6.4 
6.2 
S.4 
0.9 
7.3 
1.72 
2.88 
2.22 
3.06 
4.78 
3.89 
3.17 
4.00 
5.23 
4.56 
4.72 
4.66 
4.72 
3.55 
5.89 
7.29 
6.00 
9.46 
11.0 
12. I 
14.9 
25 6 
8.80 
Secchi Depth (M): 4. I 
Maximum Air Temp. (oc): 12.2 
Minimum Air Temp. (oC): 10.0 
Surface lllumination (Lux): 31,000 
Total 
1Arnnau1 NitritefNitrat"~ UnCUt. pH I NUr .... " Nitro,,, Uro,e Phoa. "./1 1',/1 ",/1 1',/1 
7.2 45.7 
7. I 46.5 
7.2 38. I 
7. I 41.9 
58.7 
57.2 
55.7 
67.2 
10 . 0 
10.5 
10.5 
10.5 
10.3 
10.3 
10.0 
10.0 
7.2 
7.2 
7. I 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7. 3 
62.5 ' 1 10.5 
60.3 
96.9 
90. I 
87.0 
66.4 
69.4 
8 6.2 
73. 2 
73.2 
70.9 
74.0 
7.21 100 
7.2 148 
7.21 95.4 
9.7 
10.0 
10.3 
9.7 
10.0 
10. 5 
11.1 
10.5 
11.1 
11. 6 
11.9 
11.4 
17.3 
19.7 
423 
425 
396 
401 
394 
438 
440 
446 
436 
454 
464 
467 
457 
455 
472 
482 
480 
469 
452 
493 
438 
41 6 
848 
Total 
Filt. 
PlIo •• 
I'g/l 
47 .9 
45.9 
38. I 
54 . 8 
58.7 
69.4 
64.5 
65.5 
64.5 
70.4 
69 .4 
65 •. 5 
60.6 
60.6 
'65.5 
75.1 
66.5 
73.3 
76.2 
86.0 
86.0 
233 
114 
Ortho 
Filt. 
PlIo •• 
I'g/l 
10.4 
15.3 
11. 3 
10. 9 
21.2 
25. I 
24.1 
27.7 
28.6 
2 6.0 
31.6 
29.3 
26.4 
26.7 
28 .3 
33.3 
27. " 
33 . 9 
39.4 
42. I 
45.3 
?R.4 
49.2 
Total I Total 
UnfUt. Filt. 
Garbo" Garbon 
m,ll m,ll 
41.8 
41.1 
42.0 
4Z. I 
41.0 
42.0 
44. ° 
42.2 
43.0 
42 .6 
42.2 
43.0 
41.6 , 1 42.0 
42 . 7 
42. 6 
4 2. 0 
41.0 
42. I 
42. I 
41.0 
42.1 
4 3. 8 
43.0 
42. 2 
42. 7 
42.1 
44.7 
56.6 
62. 0 
41.6 
42 . 0 
43. I> 
43 . 2 
42 .7 
44.4 
41. 5 
43.0 
43 . 0 
42.5 
42 . 2 
42.0 
42 . 0 
42.1 
43. I 
60.2 
!norg. Total 
Filt. Alga. Div.r-
aily 
IIld_ 
Garbon 103 
mgll CeU./ 
44.0 
37.2 
37 . 3 
36.7 
.17 .B 
37.2 
37.7 
37 . 2 
38 .0 
38.5 
37.9 
37.7 
37.2 
36.8 
36.5 
3R.l 
37. 7 
3B.3 
37.0 
37.7 
38 . ? 
56.5 
2.3 
3. 9 
4.1 
3.5 
1.9 
2. ° 
1.4 
1.5 
1. 6 
1. 6 
1.1 
1.3 
1.0 
1.0 
1.1 
0.7 
1.3 
1.1 
0.9 
1.0 
1. 2 
<0.3 
<0.3 
<0.3 
<0.3 
<0 .1 
<0.3 
<0.3 
<0. 3 
<0.3 
<0.3 
<:0.3 
<0.3 
<0.3 
<0.3 
<0.3 
<0.3 
<0.3 
<0.4 
<0. " 
<0. t. 
<: 0. (, 
ml 
<0.8 .986 I. 11 
<0 . 8 1.13 .991 
<0 . 8 .956 .880 
<0.8 . 571 .952 
<0. R 
<0.8 
<0.8 
<0. 8 
<0.8 
<0 .8 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 
<0.8 
1.7 
< 1.1 
< 1.1 
< 1. 7 
<1. 5 
.361 1 I, 1>6 
.3 66 1 1. 70 
.348 1 I. 65 
• . IJl I 1. 711 
.291 I 1.73 
.26411.65 
.257 1 1. 82 
.2 I 5 I I. 82 
. 136 1 I. 53 
16 . 5 1 < 10 .4 1 <27.6 
l .l I .::0.7 I <1.9 
Total 
Plate COllllt 
Bact. 
103 
cl\l/ml 
.59 
.64 
.77 
. 67 
1.3 
Z.O 
Z.4 
3.8 
4.9 
3. 4 
.I . B 
3.5 
3.5 
3.4 
4. I 
5.8 
4.0 
5.3 
5.0 
6.3 
7 . .. 
1700 
196 
Pl,. R .. lativ" 
Plate ~Total I Fecal COW\l Coli- Coli- ~ ZOO-I Vertical 
Bact. form. form. lankton Wumi-
103 100mi "100ml t/L nation 
cfll/ml IEllo 
.12 
.40 
. 52 
.35 
.n 
1.1 
I.S 
1.7 
Z.2 
2.0 
~ . I 
1.5 
1.9 
2.0 
2.6 
2.4 
2.9 
4.0 
2.0 
2 •• 
1. I 
620 
lO S 
16 
16 
12 
50 
68 
ZZ.2 
70.0 
39.4 
44.4 
7 .2 
11.1 
6. I 
11.1 
10 . {, 
10.0 
10. (. 
4. ~ 
~. 0 
2.8 
7. 8 
\.7 
4 ... 
4.6 
.I . I 
1.8 
2.2 
I. 00 
• Z,; 
. 040 
.020 
. 01 .15 
.0110 
.0081 
.005 1 
.0030 
• 001 ~~ 
. 00087 
. 000,1" 
N 
Table B-27. Water quality data for various depths of Hyrum Reservoir on july 12, 1973. 
Depth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
I.BR 
Temp. 
°c 
23.5 
22 . 3 
22 .0 
21. I 
18. 9 
18 . 3 
18.0 
17 . 8 
Diuolv. 
Oxygen 
mg/l 
8 . 6 
8.7 
8 .9 
9 . 0 
7 . 8 
7.5 
7 . 4 
7 .4 
17. 6 I 7 . 3 
17.2 
16 . 8 
16 . 3 
16 . 0 
15.7 
15 . 4 
15. I 
15 . 0 
15.0 
14. 9 
14.3 
14.0 
16. I 
7. 1 
6.8 
6.7 
6.5 
6. I 
6.0 
5.8 
5.5 
5.4 
5 . 2 
3 ~ 8 
0.4 
8. 6 
Total 
S."p"nd. 
Solid. 
mall 
2.39 
3.44 
4.78 
5.33 
5 . 33 
5.3 3 
5.39 
4.23 
6.28 
7.25 
12.4 
16 . 8 
24.4 
269 
7 . 10 
Secchi De pth (M): 2 .8 
Maximum Air Temp. (o C): 32 .2 
Minimum Air T emp. (OC) : 17.8 
Surface Illum ination (Lux): 42,000 
lAnn>om=1 Nitrite I Nitrate1 ~:r~~. pH I Nitrogen NUrOget itrOge Pho • • .. gIl .. gIl flg/ l flg / l 
7. 7 62.3 
7 . 6 56. I 
7.6 54 . 6 
i.6 6 1. 5 
7. 6 89 . 2 
7.6 I 123 
7 . 6 1 14 3 
7.6 1 17 3 
7. 6 1 158 
7 . 6 1 11 2 
7.61 112 
7. 6 132 
7.5 
7.6 
7.4 
129 
118 
200 
14 . 4 
15 .2 
15.0 
15 . 5 
16 . I 
15.5 
15 . 8 
16 .3 
16.3 
17.2 
18 . 8 
18. 8 
19.9 
19.0 
3 1.7 
462 
379 
427 
396 
540 
55 1 
546 
595 
552 
564 
564 
577 
555 
482 
2 180 
66 . I 
64.8 
40. 6 
89 . 7 
70.9 
78 . 2 
103 
139 
108 
126 
135 
12 1 
108 
30 1 
16 1 
Total 
Filt. 
Phos. 
flg / l 
40.9 
30 . 0 
31. 8 
.19.1 
55.4 
55.4 
54 . 6 
88.2 
74.6 
77 . 3 
93 . 6 
122 
166 
87 .3 
Ortho 
Filt. 
P h o •• 
... g/l 
6 . 7 
13.6 
3.9 
3. 9 
5 . 5 
9. 4 
I . 4 
14. Z 
26.7 
37 . 9 
42 . 4 
46.9 
58.2 
80.0 
6 1. 5 
Total 
Unfilt. 
Carbon 
mg l l 
Total 
Filt. 
C&rbon 
mg l l 
Ino rg. Total 
Filt. Algae Diver ... 
oity 
Index 
Carbon 10
3 
mgll Cello I 
29 . 4 
32 .3 
31.3 
30.8 
10 .7 
31.5 
31.1 
JL.2 
31. a 
31.5 
30 .5 
J I. 5 
30.3 
30. 5 
SO . -j 
1.9 
0 . 3 
1.0 
0.9 
1. 2 
1.2 
1. 2 
1.1 
I. a 
1.1 
0. 8 
<0.3 
<0 . 3 
<0.3 
<0 .3 
<0 . 3 
<0. 3 
<0.5 
<0 . \ 
<0.4 
<0.3 
<0 . 4 
1.5 ... I.J 
4 .3 <5.2 
I. U , 0.4 
<0 . 8 
<0.8 
<0 .8 
<0.8 
<0 .8 
<0.8 
<1. 4 
<0.8 
<I. I 
<0.8 
<1.1 
<3 . 1) 
<' 3. 8 
~ 1.1 
m l 
.4 12 1. 52 
. 340 1. 4 6 
.427 1. 56 
. 66 1 I. 68 
.357 1. 12 
.338 I 1.28 
.414 I 1.42 
.430 I 1.80 
.214 I 1.49 
.247 I I. 41 
• 099 I 1. 16 
.077 8 I. 40 
Total 
Plate 
Count 
Bact. 
10l 
c!u/ml 
.80 
.7 6 
.90 
1. 4 
2. a 
3. a 
3.6 
4. 8 
M. a 
4 .5 
3. 3 
3 . 5 
4. J 
1700 
73 
Pig. 
Pla t e 
Count 
Bact. 
103 
ctu/ml 
· 54 
• 51 
• 65 
· 84 
1. 2 
1.4 
1. 5 
2. J 
3 . 8 
1. 9 
1.1 
. 65 
1.1 
900 
2 2 
I 
Coli. Coli - Zoo . 
Tota l I Fecal 
forms fo r ms lankton 
"lOami "/lOom} tIL 
12 
I 640 190 
Relative 
Ve rtical 
Illumi· 
nation 
1./10 
I. 00 
. 4 3 
.1 8 
. 04 2 
· a J 5 
· 00 65 
· 0037 
• 00 17 
--W 
Table B-28. Water quality data for various depths of Hyrum Reservoir on July 28, 1973. 
Depth 
M 
10 
II 
12 
\3 
14 
I S 
16 
17 
18 
19 
LBR 
Temp. 
°c 
21.2 
20. B 
20.4 
20.3 
20. I 
20.0 
19. B 
19.5 
Di .. olv. 
Oxygen 
mg/l 
8.9 
7.4 
6.6 
5.9 
5.4 
5. I 
4.8 
4.5 
19.3 I 4.2 
4.0 
3.8 
3. B 
3.7 
3.6 
3.5 
3.4 
3.3 
3.2 
2.8 
Total 
&lIpend. 
Solid. 
mgll 
9.15 
8 . 85 
9.62 
9.70 
9.70 
7.07 
6.54 
7 .70 
12.4 
13.3 
16.7 
16.9 
15.2 
19. I 
19.0 
19.0 
IB.9 
18.9 
18.8 
IB. 6 
18.3 
lB. 1 
17.8 
17.6 1.6 12270 
15.3 B.6 32.7 
Seccbi Depth (M): I. 5 
Maximum Air Temp. (OC): 34.4 
Minimwn Air Temp. (OC): 12.3 
Surface llIurnination (Lux): 13.000 
1Amrooni, NitritefNitrate 
pH I Nitrogen Nitroge itroger 
I'gll I'g/l I'g/l 
7 .3 
7.91 63. I 
7.8 63.9 
7.91 55.7 
7.9 59.0 
7.9 I 93.4 
7.91 141 
B.O I 104 
7.81 103 
7.9 77.0 
7.9 100 
7.9 102 
7.9 139 
772 
7.91 158 
27.6 
27. I 
24.9 
24.9 
24. I 
17.7 
16. I 
15. B 
16.6 
17.7 
17 .4 
17.2 
17.4 
28.8 
443 
376 
374 
379 
420 
507 
513 
515 
535 
55B 
573 
563 
558 
675 
20.5 I 2280 
Total 
UnfUt. 
Phoo. 
I'g/l 
57.5 
54.5 
39.2 
33.6 
Total 
Filt. 
PIlo •• 
I'g/l 
33.7 
48 . 4 
31.9 
31.2 
51.41 · 32.5 
48.9 33. I 
44.7 33.7 
46.5 48.4 
72.8 42,'3 
93.7 I 47.B 
91.2 
10 6 
117 
270 
88.2 
46.6 
42.8 
50.3 
71.6 
56.3 
Ortho 
Filt. 
PIlo •• 
I'g/l 
5.2 
12.2 
2.4 
4.6 
4.0 
11.8 
6. I 
12. 5 
21. I 
7.2.3 
29.0 
38.6 
45.0 
55.7 
52.0 
Total 
Unflit. 
Carbon 
mg/l 
Total 
Filt. 
Carbon 
mill 
morll. Total 
Filt. Algae 
Carbon 10
3 
mgll Cell. I 
rnl 
Diver-
.ity 
Index 
22. I I I. 01 
Total 
Plate 
Count 
Bact. 
103 . 
cCu/rn1 
9.9 B.8 
11 . 0 
12. I 
15.7 
<0.4 
<0.4 
<0.4 
<0.4 
<0.4 
1.8 
2.3 
3. I 
26. 6 1.913 110 
5.4 
4 . 4 
4. (, 
3.8 
2.4 
1.6 
3.0 
3. I 
3.7 
<0.4 
<0.4 
<0.4 
<0.6 
<0.5 
<0 .5 
<0. <) 
<0.9 
I I. 5 
1.2 
<1.1 
<I. I 
<I. I 
< 1.5 
<1.2 
< 1.4 
<2.3 
<2.3 
55.8 I <10.4 1<27.6 
0 . 6 <0.9 <2.3 
.990 19.4 
17.7 .857 1 lZ 
9.441 1.3\ 
7.Z61 I. 34 
1. 871 1. 66 
I. 051 1.44 
1. 931 1.39 
.B441 1. 47 
1. 291 I. 58 
IZ 
6. Z 
3.9 
4.8 
8.2 
6.7 
6. I 
5.4 
5. Z 
31 
126 
Pil' r Relative Plate ~Total Fecal Zoo- Vertical 
Count Coli - Coli- lankton IDurni-
Bact. forms forms III L nation 
103 1I00mi , / 100ml 1./10 
cfu/rn1 
8. B 
9 .5 
I I 
10 
5.3 
3.2 
Z.6 
7.7 
2.9 
3.6 
Z. 9 
2.7 
10 
43 
10 
10 
ZO 
20 
50 
10 
10 
600 
2.5 
2.5 
150 
I. 00 
.27 
.068 
.020 
.0094 
. 0040 
.0014 
+:>. 
Table B-29. Water quality data for various depths of Hyrum Reservoir on August 15, 1973. 
Depth 
M 
.6 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
LBR 
Temp. 
°c 
21. 2 
20.8 
20 . 3 
20. 3 
20 . 3 
20.2 
20 . 2 
20 . I 
Dis801v. 
Oxygen 
mg/l 
12. 5 
12. I 
10.3 
10. 0 
9.6 
9 .4 
9.4 
9. I 
20 . I I 8.6 
8.6 
8 . 5 
8.5 
8 . 0 
7.5 
7. 2 
6 . 8 
6. 2 
4 . I 
2.5 
Total 
Suspend . 
Solids 
mgll 
11. 9 
18 . 6 
11. 2 
7 .30 
5 . 86 
6.40 
6. 27 
6. 74 
7.53 
1 J . 6 
28.4 
28 . 8 
20 . 0 
20.0 
20.0 
19.9 
19.7 
19.6 
19 .4 
19.3 
19 . 0 
18 . 7 
18 . 3 0.2 I 364 
14. 4 9 .4 2 1.4 
Secchi Depth (M) : 1. 3 
Maximum Air Temp. (oC): 33.3 
Minimum Air Temp. (0C) : 11. 7 
Surfac e Ulumination (Lux) : 36 ,000 
Amrrlooi1 NitritefNitrate pH I Nitrogen Nitroge itroger flg/l flg/l flg/l 
9.2 I 46 .4 
9.2 
9.1 
9.2 
9 . 2 
9.1 
9.2 
9.0 
9.1 
5 1. 2 
63 . 0 
52.3 
6 1. 7 
51. 2 
8 6.8 
92.8 
96 . 3 
9 . 2 I 110 
9 . I 11 83 
9. I 2.3 1 
9. I 2010 
9.0 1 413 
18.2 
18.5 
18 . 8 
18.8 
18.8 
19. 4 
19.4 
20. I 
21. 4 
24.6 
29.0 
27 .8 
17 . 6 
238 
234 
272 
298 
295 
35 3 
335 
352 
378 
4 16 
399 
389 
300 
51 .7 112 60 
Total 
Unfilt . 
Phos. 
flg/l 
121 
95.4 
7 5.5 
53. I 
41.8 
53.1 
47.4 
7 1.1 
59.3 
80 . 4 
137 
134 
510 
158 
Total 
Filt. 
Phos. 
flg/l 
36 . 2 
37 . 5 
40.6 
37.5 
27.5 
48.7 
47.4 
49 . 9 
Ortho 
Filt. 
Ph08. 
flg/ l 
5 . 6 
4 .4 
4.7 
5.9 
6 . 2 
7.8 
8 . 
9.4 
43.7 1 14.1 
44 .9 1 24.7 
" 7 51. 2 
76 . 8 148 .7 
119 73.6 
128 9 1. 5 
Total 
Uniilt. 
Carbon 
mg/l 
Total 
Filt. 
Carbon 
mgll 
Inorg. Total 
Filt. Algae Diver-
sity 
Index 
Carbon 10
3 
mg/l Cellel 
. m1 
34. 0 
62 . 9 
21. 0 
13. 5 
6 . 0 
3 . 6 
2 . 2 
1.3 
1. 3 
2 . 8 
2.2 
3 . 0 
152 
1. 9 
<0 . 5 
<0 . 5 
<0. 5 
<0.5 
<0 . 3 
<0. 3 
<0 .3 
<0.3 
<0.5 
<0.4 
<0 . 9 
< 1. 7 
< 1. 4 11 62. 
4.6 2 10 
. 0329 
.0160 
1.5 
<1.4 
<0.8 
<0.8 
<0.8 
<0.8 
<1.4 
< 1.1 
<2.3 
<4. 6 
89 . 31' 0521 
95.5 .0378 
29 .3 .0968 
13.6 I . 1376 
19 .3 1 . 08 83 
.606 11.01 
.4 60 I .969 
5. 62 I .231 
5. 36 1.26 1 
<64 . 0 1<17 3 
<0 . 9 <2.3 
Total 
Pla te 
Count 
Bact. 
103 
cfu/ml 
2. 9 
4.7 
3.4 
2. 0 
1.7 
1.4 
1. 4 
2.5 
2 . 9 
4. 8 
I " 
24 
960 
110 
Plg. 
Plate 
Count 
Bact. 
103 
cfu/ml 
1. 6 
3.4 
2. 5 
.90 
.70 
. 87 
. 67 
. 53 
.63 
. 93 
2. 6 
12 
170 
34 
Tota l I Fecal ~ Zoo-
Coli- Coli - l .. nkton 
form s forms W/L 
*IIOOml *1 1.00 rnl 
2 .5 
2 .5 
2.5 
7 .5 
130 
50.0 
37 . 0 
24.0 
11 .0 
10.0 
5.3 
6.0 
2 . 0 
1.5 
1.0 
12.0 
14.0 
Relative 
Vertical 
illumi-
nation 
1./10 
l. 00 
.02 5 
.0032 
.00082 
-VI 
Table 8-30. Water quality data for various depths of Hyrum Reservoir on August 28, 1973. 
Total Di •• olv. Depth Temp. Oxygen Suapend. M °c Solid. 
mgll 
mgll 
0 20.5 10.3 
1 20.2 10.4 16.8 
2 20.1 10.0 17.2 
3 20.1 9. 9 15.5 
4 20.1 9.5 12.8 
5 20.1 9.3 13.0 
6 20.0 9.2 
7 20.0 9.0 11.7 
8 ZO.O 8.4 
9 19.9 8.0 10.4 
10 19.9 7.2 
11 19.8 6.6 9.35 
12 19.8 6.4 
13 19.8 6.0 9.07 
14 19.8 5.8 
15 19. 8 5.5 9.14 
16 19.8 5.5 11.3 
17 19. 6 5.3 13.6 
18 19. 2 0.6 4 6.8 
Secchl Depth (M): 1. 1 
Maximum Air Temp. (0C): Z5.6 
Minimum Air Temp. (0C): 7. 3 
Surface nlumination (Lux): 9.400 
f'\rrm<nium Nitrite 
pH Nitrogen Nitroget 
.. gIl .. gIl 
8.7 23.6 15.4 
8.7 28.8 17.1 
8.7 51. 7 17.4 ' 
8.7 23.6 17.4 
8.7 25.3 18.5 
8.8 _ 50.6 21.2 
8.8 47.7 ZI.6 
8.8 73.5 24.3 
8.8 85 .3 Z5.0 
8.7 109 Z7.0 
8.7 lZ6 26.3 
8.7 lZ5 Z7.7 
8.7 132 Z6.7 
" l . 
Total Total Or tho Total Total Inor,. Chlorophyll Nitrate .. ,11 
~itrole. UnfUt. Filt. Filt. Unfilt. Filt. Filt. Pho •• Pho •• Pho •• Carbon Carbon Carbon 
.. ,11 
.. gIl .. gIl .. gIl mgll rris/l mgll a b 
148 77.4 51 . 8 30.6 70.0 <0.5 
143 78 .6 36.2 11.2 102 <0.5 
155 64.3 23.1 <1. 0 34.6 <0.4 
177 12.4 43.7 2.2 44.Z <0.4 
184 12.4 39.3 1.9 42.1 <0.4 
Z34 77.4 40.6 7.2 33.8 <0.4 
218 78.0 38'.7 8.1 25.6 <0.3 
," 
282 66.2 28.7 10.9 9.0 <:0.3 
271 51.2 41.2 14.4 9.7 <0.3 
3Z2 62.4 ' 44.3 17.5 3.1 <0.3 
304 59.9 47.4 17.8 4.5 <0.4 
3Z6 75.5 46.8 Z3.4 3.5 <0.3 
296 104 52.4 29.6 3.7 <1.7 
Total Total 
Pl.. 
R.elative 
Plate Plate Total Fecal Algae Diver .. Count Coli- Coli- Zoo- Vertical 
103 Count IPl&l1lr.ton muml-.ity Bact. Bact. form. forma ,IL nation c Cell. I Index 103 103 ,IIOOml ,II00m 
ml 
cfu/ml cf .. /ml XrJXo 
1. 00 
2.9 314 .0103 3.5 2.0 
-
0 5.0 .049 
<1 . 4 321 .0102 7.5 4.6 
-
0 30.0 .007 6 
Z.1 ZZ2 .0092 3.0 1.7 - 0 39.0 .0018 
<1.1 Z04 .0082 8.0 4.9 - 0 37.5 
3.5 224 .0099 8.1 5.2 
-
0 Z6.7 
- -
Z.5 156 .0149 4.9 2.6 
-
2.5 ZI.7 
- -
1.1 66.1 .028Z 8. 0 3.1 
-
Z.5 26. ~ 
- -
<0.8 30.7 .0328 6.6 3.2 0 0 18.6 
-
-
<0.8 17.5 .036'9 S.Z Z.O ZO 2.5 6.7 
- -
<0.8 2.31 .174 6.4 z.6 ZO 0 10. 0 
<1.1 8. Z Z.6 30 5 1Z.7 
<0.8 ZZ.1 .03Z4 11 3.3 100 Z.5 4.0 
<4.6 0 0 
0\ 
Table B-3l. Water quality data for various depths of Hyrum Reservoir on September 12, 1973. 
Depth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Temp. 
°c 
18.2 
17.8 
17. 6 
17. 5 
17.5 
17.5 
Dissolv. 
Oxygen 
mg/l 
8.5 
9.1 
8.4 
8.1 
7.9 
7.7 
17.4 I 7.8 
7.0 
6.5 
6.3 
5.9 
5.5 
5. 0 
4.7 
3.2 
3. I 
2.7 
1. 9 
Total 
Suspend. 
Solids 
mg/l 
4.2 8 
9.61 
9.42 
8.79 
7.9 3 
9.93 
8.00 
10.3 
15.1 
16.2 
15.9 . 
14. 6 
17.3 
17.3 
17.3 
17.2 
17.1 
17.0 
17.0 
16.9 
16.9 
16.8 
16.7 
16.4 0.2 12360 
Total 
Anrnoni1 NitritefNitrate1 Unfilt. pH I Nitrogen Nitroge itroge Pho •• !!g/I !!g/I !!g/l !!g/l 
8.8 
8.9 
66.6 
57 . 8 
8.9 1 52.9 
8.9 53.9 
8.9 73.5 
8.81 105 
8.71 139 
8 . 8 1 160 
8 . 7 1 170 
8.7 235 
8.7 331 
8.7 344 
8.6 1750 
19 . 4 
18.7 
19.4 
19.7 
20.3 
21.3 
21. 6 
22 .0 
22.0 
23.6 
24.9 
25.2 
26.8 
17 6 
145 
154 
154 
194 
216 
215 
238 
273 
292 
294 
298 
25 9 
7 6.0 
121 
118 
108 
10 6 
89.3 
102 
94.7 
101 
128 
127 
135 
514 
Total 
Filt. 
Pho •. 
!!g/l 
5 1. 7 
52.5 
45.5 
46.9 
4 3. 3 
Or tho 
Filt. 
Phos. 
!!g/l 
12.1 
7.8 
7.8 
10.3 
12. I 
68.11 20.2 
78 . 7,.1 .• 0 
83 .4 
72 .7 
84 . 0 
90.7 
84 . 7 
163 
33 . 7 
36.3 
49.0 
63.6 
49.0 
99. 2 
Total 
Unfilt. 
Carbon 
mgll 
Total 
Filt. 
Carbon 
mg/l 
Inorg. Total 
Filt. Algae Diver-
sity 
Index 
Total 
Plate 
Count 
Bact. ~~= I~ 
mgll Cells I 
5.00 
18.3 
14.0 
15. I 
6.4 
3. I 
1.2 
1.3 
1.0 
1.0 
1. 4 
1. 5 
2 17. 
4. 6 
14.6 
10.5 
6.6 
4. 2 
1.7 
<0.3 
<0 .4 
<0.5 
0 . 7 
<0 . 6 
<0. 5 
154 
<0 . 8 
<0.8 
<0.8 
<0.8 
<0.8 
<0 .8 
13. I 
< 1.4 
<1.4 
<I. 5 
<I. 5 
<1.4 
<2 7 6 
ml 
4 3.3 1 .0495 
103 
ch/ml 
3.7 
78.3 .0404 S4 
57.1 . 0335 48 
98.3 .0217 17 
5 1. 2 . 02 69 17 
11. 3 1 .0135 I 14 
3. 431 .0186 1 15 
0.661 .0056 1 21 
3.991 .0 119 9. 6 
4.61 1 .0201 1 13 
. 59 ' .13 65 I 14 
4500 
Pig. 
Plate 
Count 
Bact. 
103 
clu/m! 
2. I 
41 
9.2 
12 
10 
10 
12 
5.6 
6.8 
7.0 
l l OO 
Relative 
Total 1 Fecal r Zoo - 1 Vertical 
Coli- Coli- lankton mum!-
forms forms III L nation 
,1100ml,1100ml lz/lo 
6.7 
12 
17.2 
38.4 
13. 9 
5. 0 
3.8 
3.3 
6.0 
2.5 
2.2 
1.4 
4.3 
8 . 0 
1. 00 
.14 
.0115 
.0043 
.00155 
.00059 
LBR 1 13 .7 \ 9.4 1 11. 8 \ 8.71 214 1 28.71 981 1 179 1 11 8 I 74.3 1 I i.ll 1.0 I 3 .1 I I X~_36(_' -!..------->--I 13_0 --L---'-__ 
Mcchl Depth (M): 1.95 
Maximum Air Temp. (0C): 26.7 
Minimum Air Temp. (oC): 7.8 
Surface Illumination (Lux) : 35 ,000 
-
--....l 
Table B-32. Water quality data for various depths of Hyrum Reservoir on September 29, 1973. 
Total Di .. olv. Depth Temp. Oxygen Sl18peDd. M °c Solid. 
mgll 
mgll 
0 15.8 8.7 
1 15.1 8.1 10.7 
2 15.1 8.0 10.1 
3 15.1 8.0 9. n 
4 15.1 8.0 9.50 
5 15.1 7.9 8.20 
, 6 15.1 7.8 
7 15.1 7.8 9. SO 
8 15.0 7.7 
9 15.0 7.1 11 .2 
10 15.0 6.9 
11 14.9 6.4 10.7 
12 14.9 5.9 
13 14.9 5.7 18.6 
14 14.8 5. 4 
15 14.8 5.1 22.Z 
16 14.7 5.0 29.7 
17 14.7 4.6 32.8 
18 14.6 3.7 37.0 
18.5 14.6 0.5 7740 
LBR 12.1 10.5 
Secchi Depth (M): 
Maximum Air Temp. (OC): 
Minimum Air Temp. (0C): 
Surface nlumination (Lux): 
11.8 
1.5 
23.2 
4.4 
31,000 
~urr Nitrite 
pH Nitrogen Nitrog .. 
.. gIl .. gIl 
8.9 61. 2 17.1 
8.8 68.7 17.1 
8.8 82.9 16.5 
8.7 67.2 16.8 
8.8 71. 7 16.8 
8.8 118 17.1 
8.8 104 16.8 
8.7 109 17.1 
8.8 122 17.1 
8.7 111 16.2 
8.7 110 16.5 
8.7 134 15.4 
8.7 lZ7 15.4 
8.4 706 17.4 
8.8 177 22.2 
- --- - - -- - -----
Chlorophyll Total Total Ortho Total Total Inorg. Nitrate ..gIl 
lNitroge. 
UnfUt. FUt. FUt. UnfUt. FUt. Filt. 
Pho •• Phos. Pho •• Carbon <A,rbon Carbon 
.. gIl 
.. gIl a b c .. gIl .. gIl mgll mgll mgll 
269 50.6 20.0 22.3 <0.3 1.7 
247 46.8 20.0 20.5 <0.3 1. 6 
233 Sl.8 ZZ.5 8.0 3.1 <0.8 
233 49.9 25.0 5.6 3.5 <0.8 
231 51.2 23.1 3.2 2.6 <0.8 
283 53.6 29.3 1.6 0.9 <1.1 
264 53.6,.. 31.2 0.9 0.6 <1.4 
260 56.1 29.3 0.5 <0.5 <1.4 
255 56.8 31.8 0.5 <0.5 <1.4 
257 61.8 35.3 1.0 <0.8 <2.1 
286 65.0 38.7 
293 70.0 44.9 1.3 1.8 3.7 
31~ n.o 43.3 1.1 <1. 7 <4.6 
Z88 120 69.9 207 227 <230 
837 95.4 44.1 0.8 0 . 7 <1.4 
Total Total 
Pig. 
Relative 
Plate Plate Total Fecal Algae Diver- Count Coli- Coli- Zoo- Vertical 
103 Count tplankton Wumi-eity Bact. Bact. forma forms Cell. I Index 103 103 '1IOOmi 1/100 mi /IlL 
nation 
ml 1,,/10 
cfulmI c:fu/ml 
1.00 
13 . 8 . 0209 5.9 4 .6 
-
0 24.4 . 050 
9.20 . 0582 7.3 5.7 
-
0 54.3 .0125 
6.97 . 0458 7.3 5.7 
-
0 37.2 .0052 
7.19 .0474 6.1 3.9 
-
0 29.4 .00145 
5.90 . 0411 9.3 7.4 
-
2 14.0 
-
-
5.36 .0309 3.6 2.0 
-
2 8.0 
-
-
3 .32 . 0070 7.2 4 . 5 
-
0 0 
- -
""I'''~ 5. 1 3.5 - 0 5.0 - -9.19 . 0056 8.0 5.7 
-
4 9.2 
-
1.28 .0621 12 8.0 2 8.0 
-
2 0 
.425 . 0420 10 5.9 
-
6 2.5 
23 12 
-
4 3.3 
2300 800 
51 29 
-
79 
- -
-00 
Table 8-33. Water quality data for various depths of Hyrum Reservoir on October 13, 1973. 
Depth 
M 
10 
II 
12 
13 
14 
15 
16 
17 
Temp. 
°c 
12.4 
12 .3 
12.3 
12 . 2 
12 . 2 
12. 2 
Dissolv. 
Oxygen 
mgll 
7.3 
7.3 
7 .3 
7.3 
7.3 
7.3 
12. 2 1 7.3 
12.2 7 . 3 
12. 2 1 7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.2 
7.2 
7.2 
6 . 8 
Total 
Suspend. 
Solids 
mg'll 
6.50 
6.13 
7.38 
7.07 
7.50 
7.92 
7.43 
7.86 
8.13 
II. 9 
21.8 
36.0 
54.8 18 
18.5 
12.2 
12.2 
12, ,2 
12.2 
12 .2 
12.2 
12.2 
12 .2 
12 . 2 
12.2 
12.0 2.5 18 170 
LBR 10.2 1 II. 7 
Secchi Depth (M): 
Maximum Air Temp. (oC): 
Minimum Air Temp. (OC): 
Surface Illuinination (Lux): 
18.2 
1.2 
21.7 
3 .3 
17.000 
lAmmoni, NitritefNitrate 
pH I Nitr ogen Nitroge itrogeI 
.. gIl .. gIl, .. gil 
8.4 
8.5 
8.5 
8.6 
8. 6 
8.6 
8.5 
8.5 
8.5 
8 . 5 
8.5 
8.4 
103 
103 
17.4 
17.4 
93.11 16• 8 
95.4 17.7 
9 1. 5 19 .7 
98.41 17.4 
105 16.8 
105 16.8 
89.31 16.8 
93.811 6 .5 
106 
166 
8.51 23 2 
8.5 298 
15.9 
16.2 
16.8 
2.9 
8 . 6 162 18.8 
330 
329 
349 
405 
344 
336 
328 
330 
323 
336 
335 
302 
291 
261 
624 
Total 
Unfilt. 
Phos. 
.. g Il 
193 
197 
200 
228 
183 
176 
2 II 
204 
126 
158 
2 11 
183 
218 
1440 
253 
Total 
Filt. 
Phos. 
I-'g/l 
105 
126 
Or tho 
Filt. 
Phos. 
I-'g/l 
25 . 7 
32.2 
66 . 6 1 29. I 
66.6 29.5 
63. 1 31. 9 
73.7131.5 
6 6.J,1 3 • • 9 
70.21 30.5 
77.21 33 . 3 
77.21 34.0 
66.6 40. 8 
77 . 2 44.3 
105 
487 
58.6 
50. I 
98. 2 1 5 5 . 6 
Total I Total 
Unfilt . Filt. 
Carbon C~rbon 
mgll mg/I 
57.5 
56.8 
56.8 
57.0 
57 .3 
57 . a 
58.0 
59.5 
57.0 
57.5 
58.2 
60.5 
60.2 
86.5 
64.5 
6 1. 5 
59.0 
59. 0 
57 .5 
59 .2 
58. 8 
58 . 8 
56.7 
58.4 
58.5 
56.8 
57.0 
58.0 
58.0 
64.0 
'"0"'1 C",o«,,,>," ~ Total Filt. I-'g/l Algae 
Carbon 10
3 
mg/l c Cells/ 
ml 
Diver .. 
sity 
Index 
52. 2 
52.5 
52 .0 
52 .0 
52 .8 
53.7 
53.4 
53.0 
52.7 
52.5 
53.0 
52.0 
51. 0 
53 . 0 
6 1. 0 
1.7 
2.5 
2 . 7 
1.8 
3.5 
2.8 
2.7 
2.6 
2 .7 
1.8 
1.3 
1.8 
2. 8 
0. 7 
<0.4 
<0. 4 
<0.4 
<0 . 5 
<0.5 
<0.4 
<0.4 
<0. 5 
<0. 6 
< I. 0 
< I. a 
< 1. 5 
< 1 . 4 I 11. a I. 0363 
< 1. 0 
< 1.1 
<1. 1 
<1.4 
<I. 2 
<1. 1 
< I. 1 
<1.4 
<1.7 
<2.8 
<2 . 8 
<4.1 
8.01 .0434 
5 . 02 .0753 
.249 .967 
.0370 I. 35 
.7 54 1 .28 5 
.880 1 .213 
.01981 .803 
.051S11. 25 
.052811. 43 
. 0198 11. 27 
48 . 9 1 <.35 .0 1 <92 . 0 
2.3 <0. 6 < 1. 7 
Total 
Plate 
COWlt 
Bact. 
103 
cfu/ml 
2.2 
2.5 
3. I 
3. 3 
2.9 
2.8 
3. 6 
4. 7 
2 .7 
3. 5 
9 . 9 
2.4 
291 
48 
Pig. 
Plate 
Count 
Bact. 
103 
cfu/ml 
1.5 
1.3 
1.8 
1.9 
1. 7 
1. 6 
2.0 
2 . 8 
1.5 
2.2 
3. 8 
1.4 
89 
24 
Relative Tot~l I Fec~1 r Zoo- I Vertical 
Coh- Coh- lankton lllumi-
forms fo rms W / L nation 
~/ IOOml #/100 ml Iz/I
o 
20 
20 
20 
40 
20 
20 
310 
2.5 I 22.0 
20.7 
20.0 
13.3 
3 . 3 
13 
9.0 
9. I 
5.4 
8. 3 
11.0 
8.8 
4.0 
8 . 0 
8. 6 
1. 00 
. 13 
. 028 
.0095 
.0038 
.0011 
-\0 
Table 8-34. Water quality data for various depths of Hyrum Reservoir on November 3, 1973. 
Total Di.lolv. Depth Temp. Su.pend. Oxygen M °c Solids 
mill 
mg/l 
0 9.4 8. 6 
I 9.4 8.6 9.54 
2 9.2 8.3 9.93 
3 9.1 8.3 9.31 
4 9. I 8.2 
5 9. I 8.0 9.84 
, 6 9.1 7.9 
7 9. I 7.8 9.60 
8 9. I 7.8 
9 9. I 7.6 9.50 
10 9. I 7.6 
11 9. I 7.4 10.0 
12 9.0 7.3 
13 9.0 7.2 18.2 
14 9.0 7. I 
15 8.8 6.9 21.6 
16 8 . 8 6.9 
J7 8.8 6.8 30.5 
18 8.8 6.0 22.2 
18.5 8.8 3.8 29400 
LBB. 5.8 12.4 3.4 
Secchl Depth (M): • 8M 
Maximum Air Temp. (0C) : 4. 4 
Minimum Air Temp. (oC): - 5. I 
Surface lllumlnation (Lux): 24,000 
Amrncriur Nitrite Nitrate 
pH Nitrogen Nitroge. Nitroge. 
ILg/ l ILg/ l ILgIl 
8.4 152 22.2 370 
8.3 141 20.9 342 
8.3 151 21. 4 364 
8.4 146 20.9 340 
8.4 128 22.2 353 
8.4 134 20. I 355 
8.3 129 21. 4 351 
8.4 146 19.7 379 
8.4 167 20.9 371 
8.3 147 19.2 396 
8.4 142 21.4 465 
8.2 464 23. I 291 
8.5 146 12.8 592 
Chlorophyll Total Total Ortho Total Total Inorg. 
ILg/ I Unfilt. Filt. Filt. Unfilt. Filt. Filt. 
Phos. Phos. Pho •• Carbon c.,rbon Carbon 
a b c ILgl l ILgl l ILgl l mgll mgll mgll 
203 54.6 40. I 52.3 51. 5 49.5 1.7 <0.4 <I. I 
100 56.8 42.9 51. 6 52.0 48.5 3.8 <0.4 < I. I 
84.5 56. I 40.4 52.8 51. 5 49.0 3.1 <0.4 <1. I 
87.4 55.3 41. 9 52.2 51. 5 49 . 0 2.9 <0.4 <I. I 
86.7 54.6 43.3 52 . 0 52 . 2 50.3 2.3 <0.5 <1.4 
88.8 58.9.' 43.7 52.8 51. 9 50.8 2.3 <0.5 <1.4 
83.8 61. 0 41. 6 52.6 52.0 49.2 2.4 <0.5 <1.4 
94.4 58.2 41.6 51.4 52.2 49.3 1.0 <1. 0 <2.8 
99. ,4 59.6 43.7 52.7 52.5 48.7 2.0 <1. 0 <2.8 
102 58.9 44.4 53.6 52.0 49.8 1. 6 <1.0 <2.8 
102 60.3 39.8 52.7 52.6 49.8 2.0 <1. 0 <2.8 
2420 122 75.0 76. 8 53.0 48.3 934 173 <460 
94.4 57.5 42.2 56.6 55.5 54.8 4. 6 <0. 5 <1.4 
Total Pi,. R.elative Total Plate Plate Total Fecal Algae Diver- Zoo- Vertical Count Count Coli.- Coli-103 plankton muml-aity Bact. Bact. forms forms Cell. I Index 103 ,IL natlnn 103 1/100=1 "IOOml 1./10 ml 
cfu/ml cfu/ml 
1.00 
.0 317 I. 73 3.7 1.4 16 0 1.5 .071 
.11 6 1. 36 1.3 .80 10 0 6.9 .0155 
.0792 1. 60 2.4 1.0 30 0 4.6 . 0091 
- -
. 0027 
.0317 1.83 2.2 1.0 1~ 0 4.6 .0008 
- -
.0461 1.70 2.9 1.6 20 0 5.0 
-
-
.04bl 1. 57 2.4 1.1 20 0 6.0 
- -
.0581 1. 20 4.7 2.4 30 3.3 1.0 
- -
.0343 1. 84 6.0 2.8 SO 6.7 2.0 
- -
.0633 1. 39 6.9 3.5 30 3.3 6.0 
- -
.0911 1. 47 3.3 1.2 40 10 5.0 
2.5 1.4 30 3.3 4.0 
4100 1400 
34 21 210 10 
-N 
o 
Table B-35. Water quality data for various depths of Hyrum Reservoir on November 17, 1973. 
Depth 
M 
10 
II 
12 
13 
14 
15 
16 
17 
18 
18.5 
Temp. 
°c 
7.2 
7. 2 
7.2 
7 .2 
7 . Z 
7.2 
Dis.olv. 
Oxygen 
mgll 
9.1 
9.0 
8.9 
8.9 
8.8 
8.8 
7.2 I 8.8 
7.2 8.8 
7. Z I 8.7 
8.7 
8.7 
8.7 
8.7 
8.7 
8.7 
8 . 6 
8 . 6 
8 . I 
7.9 
Total 
Suspend. 
Solid. 
mgll 
7.10 
7.40 
6.50 
7.93 
7.79 
7.57 
7.79 
9. 10 
10. 5 
14.5 
17.8 
7 .2 
7. Z 
7. Z 
7.2 
7.2 
7. Z 
7.2 
7 . 2 
7 . 2 
7.2 
7.2 2.2 1211 00 
Arrrnri, NitritefNitrate 
pH I Nitrogen Nitroge i~roge" 
",gIl ",g/l ",gIl 
8.0 
8.1 
8.1 
8.1 
8.1 
8.2 
8.1 
8.2 
8 . I 
134 
134 
135 
132 
129 
15 9 
182 
13 3 
144 
15 .7 
13. 8 
16.4 
14.9 
14 . 4 
14.4 
14.7 
14.4 
14 .4 
441 
420 
407 
458 
454 
460 
409 
426 
4 58 
4 69 
559 
Total 
Unfilt. 
Pho •• 
",g I l 
87 . 0 
88 . 3 
92.8 
99.4 
87.6 
93 . 5 
92.2 
86.3 
85 .0 
9 5.5 
94. 8 
8.2 
8.1 
7.8 
139 
13 3 
392 
13. Z 
13. Z 
15 .7 32 2 12 920 
Total 
F ilt. 
Phos. 
!lg / l 
58 .7 
54. 2 
54 .2 
6 1. 3 
63 .9 
56 . I 
6 1. 3 
6 1. 3 
56 . I 
56. I 
61. 3 
109 
Or tho 
Filt. 
Phos. 
!lg/l 
39.8 
39.8 
38 .2 
41.8 
40.4 
4 I 
40.8 
42.4 
39.8 
4 2 .4 
43. I 
59.7 
Total I Total 
Unfilt. Filt. 
Carbon Carbon 
mgll mgll 
51. 0 
4 9.7 
50.5 
4 9 .0 
50. 5 
51. 0 
50 . 0 
5 1. 0 
50.0 
5 1. 0 
50.5 
56 .7 
49.0 
49.0 
48.7 
48 . 7 
49 .5 
48.5 
5 0. 0 
50. 0 
49.0 
50.0 
50 . 0 
54. 0 
Inorg. Total 
flit. Algae Diver-
sity 
Index 
Carbon 10
3 
mgll Cell. I 
48 .0 
48 .0 
4 8 . 2 
48. 0 
4 6. 5 
47.0 
4 6. 5 
47 . 5 
4 7.0 
4 8 . 0 
48 . 0 
6 . 3 
5.1 
5.4 
4 .7 
4.4 
4 . 7 
4. 1 
4.1 
4 . I 
l .6 
2 . q 
46 . 0 11030 
<0.5 
<0.5 
<0.5 
<0 .4 
<0.4 
< 0 . 4 
<0.4 
<0.5 
<0 . 7 
< 1. 3 
< I. 3 
259 
< I. 4 
< 1.4 
< 1.4 
< I. 0 
< I. 0 
< 1.0 
< 1.0 
< 1. 4 
< 1. 9 
<3 . 5 
<3 . 5 
690 
ml 
.204 .9 71 
.0 50 1 II. 45 
· 10 6 I. 13 
· 185 1 I. 01 
· OB05 1 1. I a 
. 26 1 1 I. 2 6 
. 0977 1 1. OB 
. 04 10 11. 02 
· U59 4 1 1. 22 
.0725 1 1, .17 
Tota l 
Plate 
Count 
Ba ct . 
103 
cfu/ml 
6.0 
3. 5 
4.6 
2.7 
3.9 
3 . 4 
5. 0 
4.7 
5. 0 
11 
20 
4 500 
Pig. 
Plate 
Count 
Bact. 
10 3 
cfu/mi 
1. 2 
2. 1 
2 .1 
1. 7 
1.9 
2.0 
3 . I 
1.8 
2 . 2 
5. 7 
9.2 
1600 
T otal I Fecal ~ Zoo-
Coli - Coli - lankton 
forms form s fl L 
~/lO O ml */100 tnl 
10 
10 
20 
10 
10 
10 
20 
30 
3 .3 
3. 3 
17 
10 
19. 0 
19.0 
8.0 
14.3 
12.9 
12.2 
11. 4 
12.0 
11. 7 
6. 7 
5.0 
LBR 6.8 110.4 8.50 I 8.21 162 11.4 6 11 B7 .6 69 .2 50. 9 I 53. 0 53.5 I 5~5 I <o . S I <1.4 I~ 1 19 7 . 6 J 170 I 17 
Secchi Depth (M) : 1.2 
Maximum Air ' T emp. (0C): 14.4 
Minimum Air Temp. (0C): 2. Z 
Surface Illumination (Lux): 4.800 
Relative 
Vertical 
Illumi-
Dation 
lz/lo 
1. 00 
.074 
.0 34 
.0079 
. 001 9 
-N 
-
Table 8-36. Water quality data for various depths of Hyrum Reservoir on December 16, 1973. 
Total Oilloly. Depth Temp. s..lpend. Oxnron M °c Solids 
mill 
mall 
0 2.3 11.2 
I 2.4 11.0 6.60 
2 2.4 10.9 5.60 
3 2.4 10.8 6.10 
4 2.4 10.8 
5 2.4 10.8 6.10 
6 2.4 10.8 
.." 2.4 10.6 6.40 
8 2.4 10. 6 
9 2.4 10.6 6.90 
10 2.4 10.5 
II 2.4 10.6 6.30 
12 2.4 10.6 
13 2.4 10.6 5.88 
14 2.4 10.6 
15 2.4 10.5 7.40 
16 2.4 10.5 
17 2.5 10.6 8.40 
18 2.7 10. 6 8.16 
18.5 3.0 4.6 101.800 
LBR 4.0 11.1 20.4 
Secchi Depth (M) : 1.5 
Maximum Air Temp. (0C): 7.2 
Minimum Air Temp. (0C)' -7.8 
Surface lllwnination (Lw<): 5.000 
iAr=ari1ZJ1 Nitrite Nitrate 
pH Nitrolen Nitrolel ~itroge" 
11,/1 111/1 11111 
8.9 191 13. I 489 
8.7 165 12.2 470 
8.6 178 12.8 470 
8.7 188 12.5 485 
8.7 177 12.5 490 
8.6 176 12.2 490 
8.6 173 13.7 474 
8.6 159 13.7 466 
8.6 235 13 . 1 475 
8.5 214 13.7 505 
8.4 236 13. I 458 
8.3 438 15.5 378 
8.6 256 8.5 553 
Total Total Ortho Total Total Inorg. Chlorophyll 
111/1 UnfUt. Filt. FUt. UnfUt. Fllt. Flit. 
Phos. PhOI. Phol. Carbon Carbon Carbon 
a b c 11,/1 I1g/ l 111/1 m,ll mJ/ I mill 
139 48.8 39.9 56.7 59.0 54.5 6. 8 <0.5 <1.4 
120 50.2 39.6 59.3 60.0 52.3 6.7 <0.5 <1.4 
130 54.7 43.6 59.2 55.0 52.3 5.9 <0.5 <1.4 
109 58. I 38.9 61. 4 55.0 53. I 6.0 <0.5 <1.4 
141 52.8 38.6 58.8 59.2 53.5 6.4 <0.5 <1.4 
120 59.4 40.6 61.0 57.0 52.7 5.9 <0.5 <1.4 
120 53.4 39.9 58.6 58.6 53.2 6.3 <0.5 <1.4 
112 52;8 38.9 56.8 55.C 53.4 5.7 <0.6 <1.7 
101 53.4 40.2 60.0 57 . 0 54.3 5. 3 <1.0 <2.8 
89.7 54. I 40.6 57.6 61. 3 54.5 4.5 <1.0 <2.8 
82.4 53.4 36.6 59.2 57.0 54.4 4 . 0 <0 . 9 <2.3 
4520 III 87.2 123 62.0 52.0 3390 259 ~690 
137 59.4 46.5 60.0 56.8 54.0 9. 0 <0.9 <2.3 
---------- -- -- - - - ---------
Total Pil' B.elative Total Piate Plate Total Fecal Alglle Diyer- Zoo- Vertical ColDlt COWIt Coli- Coli-103 plllllkton IDumi-Itty Bact. Bact. forms Corml Cell.! Indu; 103 ./IOOml f/IOOml 
tIL nation 
103 1./10 ml 
ctu/ml ctu/ml 
1.00 
.209 1. 35 5.6 4.0 20 0 2.0 .090 
.202 1.23 5.0 3.6 0 0 9. 0 .051 
.157 1. 25 7.7 5.8 10 10 3.0 .023 
- -
.0098 
.160 I. 25 7 . 7 5.7 0 0 6.0 .0066 
- -
.170 I. 25 6.2 4.9 0 0 3.0 
- -
.176 1.07 7.4 5.5 0 0 19.0 
- -
.160 I. 04 6.0 4.6 0 0 3.0 
- -
.157 .994 7.6 6.0 10 0 5.0 
- -
. 175 .977 6.2 4.3 20 0 8.0 
- -
.175 1.32 6.6 4.5 20 0 12.0 
7.6 5.6 10 0 5.0 
1160 340 
46 14 350 61 
-N 
N 
Table B-37. Water quality data for various depths of Hyrum Reservoir on January 12,1974. 
Depth 
M 
• 7 
10 
II 
12 
13 
14 
Temp. 
°c 
Di •• olv. 
Oxygen 
mg/l 
O. I 1 11.7 
0. 6 
1.1 
1.2 
11.7 
11.9 
11.4 
1.2 1 11. I 
1.2 10.9 
I. 2 1 10.8 
1.2 10.7 
1. 2 1 10.6 
10.6 
10.3 
10.0 
10.0 
Total 
Suspend. 
Solids 
mg/l 
3.89 
2 .94 
2.67 
2.67 
3.20 
4.50 
4.60 
4.27 
II. 0 
Total 
, NitritetNitrate4 Unfilt. pH Nitrogen Nitroge itroge Pho •• I1gll I1gl 1 \1g/1 I1gl1 
8.5 
8.6 
8.6 
8. 6 
8. 6 
8.6 
8.5 
8.5 
8.5 
120 7.6 
87.21 9.0 
99.3 10.8 
93.3 1 10.8 
85.81 10.8 
89.9 9.9 
110 9.3 
96.0 1 10.2 
112 10.5 
595 
55 6 
522 
545 
671 
6 18 
761 
618 
721 
82 .4 
139 
113 
137 
121 
50.6 
54. 8 
59.7 
90.3 15 
16 
17 
18 
18.5 
1. 2 
1.2 
1.3 
1.3 
1.3 
1.4 
1. 6 
1.8 
2.0 
2 . 3 
2.4 
9. 6 
9.6 
9.3 
8.8 
8.0 
5.6 
1.0 
8.86 ' 18.5 93.9 
135 
114 
9 . 6 
12.6 
10.5 
754 
536 
576 
88.4 
LBR 10. 6 
22 .8 
33.5 
5.86 
8.3 
8.3 
8.2 51. 4 
Secchi Depth (M) : 2.7 (under ice and snow) 
Maximum Air Temp. (0C): 0 
Minimum Air Temp. (OC): -14.4 
Surface lliumination (Lux) : 
69.5 
6.7 I 1260 99.5 
Total 
Filt. 
Pho •• 
I1gl1 
47. 6 
41. 5 
45.7 
41. 5 
44.6 
48 . 8 
45.7 
50.6 
53 . 6 
53 . 6 
57.9 
54.8 
Ortho 
Filt. 
Pho •• 
I1gl1 
32.0 
33.0 
33.6 
33 . 0 
35.6 
35 . " 
35 . I 
37.2 
40.3 
41. 2 
45.2 
48 .2 
Total I Total 
Unfilt. Filt. 
Carbon Carbon 
inall ~g/l 
!norg. Total 
Filt. Algae 
Carbon \03 
mgll Cells I 
ml 
Diver-
sity 
Index 
Total 
Plate 
Count 
Bact. 
103 
cfu/ml 
57 .6 
56.2 
55.6 
55.~ , 1 54.4 6.4 
3. I 
1.1 
<0.3 
<0 .3 
I. 6 1 4.9 6 . 294 1 46 
56.0 
56.0 
56.4 
55.7 
55 . 6 
57.5 
57.5 
59.0 
58.0 
69.6 
56. () 
55.2 
55.5 
55.0 
55.9 
56.6 
55.5 
58.0 
57.7 
58 .4 
57 . 2 
68.0 
54.0 
53.2 
52.7 
52 .2 
53. 4 
53.7 
54.5 
54. Z 
54. 3 
55.0 
54.0 
66 .0 
1.2 
1.4 
1.3 
1.1 
1.0 
1.1 
0.8 
0.7 
Z.3 
1.1 
1.1 
1.0 
1.2 
1.0 
0.9 
0.8 
0.7 
<0 . 4 
<0.6 
< 1.7 
0.7 
<0 .8 I. Z2 .579 28 
<0.8 .72 1 I.I Z 2.8 
<0.8 
<1.4 
<1.4 
< 1. 4 
<0.8 
< 1.4 
<1.1 
1.8 
<4. 6 
<0 .8 
.41 6 1 I. 33 
.368 1 1. 44 
.35 1 1 1.63 
. 241 1 I. 5 1 
. ZI9 I 1. Z9 
• 153 I I. 35 
.0 647 1 1.32 
2.3 
2.7 
S.O 
5.8 
12 
2 1 
16 
4300 
61 
Pig. ~ Relative Plate Total Fecal Zoo- Vertical 
Count Coli- Coli- lankton mumi-
Bact. forms form. tilL nation 
103 , '/100 ml '/100 rnl 1./10 
cfu/ml 
4.1 
Z.4 
Z.4 
2. I 
2.4 
4. 6 
5. Z 
9.4 
17 
14 
2300 
36 
IS 
13 
97 ' I 45 
4.4 
IZ. Z 
13.9 
7.8 
7.0 
11.0 
7.0 
6.0 
16.0 
5.4 
ZO.O 
-N 
¢J,) 
Table B-38. Water quality data for various depths of Hyrum Reservoir on January 26, 1974. 
Di .. olv. Depth Temp. Oxygen M °c 
mgll 
0.3 12.5 
1.6 11. 2 
1.8 10.6 
1.8 9.8 
.. 1.8 9.4 
1.8 8.8 
1.9 8.3 
1.9 8.0 
1.9 7.7 
2.0 7.6 
10 2.0 7.6 
II 2.0 7.5 
12 2.0 7.3 
13 2.0 7.2 
14 2.0 7.2 
15 2.0 7.0 
16 2.0 6.8 
17 2.2 6.0 
18 2.6 5. I 
IS.5 2.9 1.9 
LBR 
Secchl Depth (M): 
Maximum Air Temp. (0C): 
Minimum Air Temp. (OC): 
Surface lliumination (Lux): 
Total 
ArrnxrJiIlrT Nitrite Suspend. pH Solids Nitrogen Nitroge. 
mgll fLgl l 
3.33 8.4 
2.73 8.4 
3.10 8.4 
3.50 8.4 
4.90 8.3 
6.00 8.4 
7.00 8.4 
6.90 8.4 
8.60 S.4 
8.50 8.3 
9.50 8.3 
54 60 8. 3 
14. I 8.3 
2.5 (under ice and snow) 
7.2 
-6.2 
10,000 
fLgl l 
9.3 
9.3 
9.0 
9.6 
9.0 
8. I 
8.7 
8.4 
8.7 
9.3 
9.9 
16.6 
5.8 
Nitrate 
Nitrogen 
fLgl l 
669 
637 
871 
668 
716 
636 
676 
823 
791 
761 
780 
629 
1180 
Chlorophyll Total Total Ortho Total Total Inorg. 
fLgl l UnCUt. Filt. Filt. UnfUt. Filt. Filt. 
Phos. Pho •• PhOB . Carbon Carbon Carbon 
fLgl l fLg l l fLgl l mgll mgll mgll 
80.3 59.2 55.9 55.5 51.0 5.5 <0.3 1.2 
61. 8 48.5 57.0 54.9 51.0 5. I <0.3 0.9 
67. I 48.5 55.9 54.0 51.5 1.6 0.8 <1.4 
57.2 60.4 55.3 54.9 51. 0 1.1 <0.5 <1.4 
61. I 59.2 I • 54.2 53.5 50.8 0.8 <0.5 <1.4 
63.8 60.4 54.9 54.0 50.3 0.9 <0.5 <1.4 
70.4 60 •• 54.7 5 •. 2 50.2 0.7 <0.5 <1.4 
68.4 72 •• 54.3 53.8 49.5 0.7 <0.5 <1.4 
72.4 57.2 55.2 55.2 50.2 <0.3 <0.5 <1.4 
77.0 61.8 56.3 56.0 51. 4 0.6 <0.5 <1.4 
92.9 72.4 56.7 56.4 51.8 <0.3 <0.5 <1.4 
572 140 164 57.8 53.0 143 102 230 
III 82.3 67.0 65. I 63.0 0.7 <0.5 <1.4 
Total Total 
Pia· Relatlve 
Plate Plate Total Fecal Zoo- Vertical Algae Diver- Count Coli- Coli-
10 3 Count ~Iankton IDumi-sity Bact. Bact. £OrJYl8 forml Cell. I Index 103 
filL natlon 
103 1/l00ml *,100 ml 1&/10 rnl 
cfu/ml cfu/ml 
1.00 
2.39 1.08 13 12 2.0 . 054 
1. 43 1. 18 12 10 2.0 .0115 
I. 10 1. 29 IS 12 3.0 .0082 
.0037 
.362 . 998 17 14 12 2.0 . 00165 
.00078 
.264 1..5 2S 23 20 4.0 
.198 1.40 26 23 
.240 1.42 64 59 
.215 I. 59 68 53 24 10.0 
.153 I. 47 37 38 5.0 
.0422 I. 36 29 25 12 11.0 
32 24 13.0 
2500 1200 
48 28 76 6.3 
- -
--------
-N 
~ 
Table B-39. Water quality data for various depths of Hyrum Reservoir on February 9, 1974. 
Depth 
M 
10 
11 
12 
13 
14 
15 
16 
17 
18 
18 . 5 
LBR 
Temp. 
°c 
0.3 
2.0 
2.0 
2. I 
2.1 
2.1 
2.1 
2.1 
Dis801v. 
Oxygen 
mg/l 
13.8 
9 . 9 
9.5 
9.5 
9.1 
9.2 
8.9 
8.8 
2.1 1 8.9 
8.8 
8 . 6 
8. 6 
8.5 
8.2 
7.4 
6.8 
6. 3 
5 . 1 
2.6 
Total 
Suspend. 
Solids 
mg/l 
3.30 
3.30 
1. 3 6 
3. 14 
2.50 
2.86 
2.60 
6.90 
4.50 
8.00 
8.75 
2.2 
2.2 
2.3 
2.3 
2.3 
2.4 
2. 5 
2 . 6 
2. 9 
3.2 
3 . 1 1. 8 1397 
2.8 12.7 5.30 
Total lArnnnuuml NitritefNitrate~ Unfilt. 
pH I Nitrogen Nitroge itroge Pho •• 
flg/ I flg/ l flg/ l flg/ l 
8.61 71. 3 
8.533.8 
8.5 83. I 
8.4 98.5 
8.5 1 176 
8 . 6 1 107 
8.5 1 12 I 
8.4 1 141 
8.5 1 123 
8.4 1
132 
8.3 138 
8.3 234 
8.4 67.6 
10.9 704 
10.3 ,737 
9.6 595 
9.0 
9 . 0 
9 .0 
9 . 0 
' 10.6 
9.6 
785 
738 
821 
643 
694 
926 
666 
762 
90.9 
62 . 5 
59.3 
56 .2 
65.6 
65.6 
b4.5 
73.8 
68.2 
85.2 
97 . 2 
9.6 
9.6 
13.8 641 11300 
6. I 1 1240 128 
Secchi Depth (M): 2.2 (under ice and ,snow) 
Maximum Air Temp. (0C): 2.2 
Minimum Air Temp. (oC) : -1 6 . 1 
Surface Illumination (Lux) : 2 6,000 
Total 
Filt. 
Pho •• 
flg/ l 
64.4 
22.7 
27 .8 
39 . 1 
4 6 .7 
Ortho 
Filt. 
Phos. 
flg/ l 
24.3 
22.7 
2 6.7 
2 8 .4 
34.4 
Total 
Unfilt. 
Carbon 
mg/l 
52.0 
53 .2 
55.4 
57.7 
57.0 
58 . 0 . 4 57.9 
4 6.7 
50.4 
54.8 
5 6.8 
53.0 
56.8 
70.7 
29.6 
35.0 
38.5 
49.5 
50.2 
58.3 
58.7 
56.9 
57 . 6 
57.0 
26.5 1 220 
52.7 75 
Total 
Filt. 
Carbon 
mg/l 
4 6 .0 
51. 2 
49.3 
50.0 
52.5 
55.0 
55 . 2 
48.7 
53.2 
53.9 
48.8 
49. 5 
60.0 
lnorg. Total 
Filt. Algae Diver-
sity 
Index 
Carbon 10
3 
mg/l Cellsl 
48.5 
49. 5 
46.7 
48.2 
47 . 0 
48.5 
48 .0 
47.9 
48. 6 
49.5 
47.2 
25.4 
9.8 
6.5 
3. I 
1.4 
1.9 
1. 2 
1.9 
1.1 
1. 5 
1.1 
<0.5 
<0.5 
<0.4 
<0 .4 
·0.6 
0. 6 
0.8 
0. 6 
0.8 
0.6 
<0. 5 
48. 6 1 <96.7 1<173 
58.6 1.5 <0 . 5 
ml 
5.5 11 8 . 3 1.
522 
2.7 9. 59 1.12 
< 1.0 5 . 36 1.17 
<1.0 
< 1.0 
< 1. 0 
< 1. 4 
<1.4 
<1.4 
< 1.4 
< 1.4 
<4 60 
< 1.4 
3.14 1 1. 14 
2.17 1 I. 18 
l. 42 1 l. 16 
. 9371 l. 15 
.73 6 11. 20 
.569 1 1. 19 
.343 1 l. 19 
Total 
Plate 
Count 
Bact. 
103 
cfu/rnl 
5. 8 
7.3 
8.5 
13 
IS 
14 
16 
18 
15 
15 
14 
Pig. 
Plate 
Count 
Bact. 
103 
cfu/ml 
5.1 
7.2 
7.1 
11 
13 
! 3 
14 
15 
12 
13 
9.3 
8000 13500 
44 24 
Total 1 Fec~1 ~ Zoo-
Coli- Coll- lankton 
forms forms tIL 
1/100 ml 1/100 ml 
3.3 
3.3 
23 2.5 
5.0 
7.0 
3.6 
2. I 
2.1 
5. 6 
4.0 
6. 0 
8.0 
13.0 
7.0 
Relative 
Vertical 
nlwni-
nation 
1,,/10 
1. 00 
.075 
.014 
.0080 
.0050 
.0026 
.00135 
.00078 
Table B-40. Water quality data for various depths of Hyrum Reservoir on February 23,1974. 
- --_. _---
Total Pil· R.elative 
Total Total Total Ortho Total Total Inor •• Chlorophyll Total Plate Plate Total Fecal Dillolv. Arancnium Nitrite Nitrate 111/1 Aigae Diver- Count ColI- Coli- Zoo- Vertical >epth Temp. Sulpend. UnfUt. Filt. Filt. UnfUt. Filt. Filt. Count p1&11ktoa 
°c Oxygen pH Nitrogen Nltrogem Nitrol·o 10
3 IUy Beet. form. forml IDuml-M Solidi Phol. PhOI. Pho •• Carbon Carbon Carbon Beet. 
mill Ilg/l Ilg/l Ilg/1 a b c Celli I Ind_ 103 la' ~IOOml "IOOml ./L nation mill 1l1/1 Ilg/l 1l1/1 11\1/1 mill mill ml 1./10 
clu/ml cfu/lrll 
a 0.2 18.7 1. 00 
1 2 . 0 12.4 4 . 70 8.4 20.6 12.2 397 135 35.4 11.3 57.9 56.7 53.0 39.4 <0.5 12.1 25.7 . 85 (, 8. a 7.2 0 0 1.0 .026 
2 2.2 10.9 3.20 8. 4 47.8 9.0 676 57.3 27. I 13.0 60.5 58. a 55.2 14.6 0.7 <1.4 13.4 1. 02 5.7 5.4 0 a 11.0 • 0081 
3 2.2 9.8 2.10 8. 3 164 8.3 736 131 45.1 20.9 57.8 54. a 54.5 7.9 2.4 <1.4 10.7 1.11 2. q Z. q 0 0 8.0 .0041 
4 2.2 9.4 
- -
.00185 
5 2.2 9.4 1. 33 8.2 118 8.3 590 58.6 46.3 35. I 63.7 58.2 52.0 2. I 0.9 <0.8 .777 1. 18 17 16 0 0 6.7 • 0011 
" 
2.2 9.3 
-
.00054 
7 2.2 9.2 I. 62 8.2 116 7.4 717 48.3 48.3 36. I 62.0 55.0 52.6 1.6 0.6 <0.8 .387 1.13 16 15 4 0 4.6 
8 2.3 9.2 
-
9 2.4 8 . 9 2.47 8.2 118 8.0 689 65.7 41. 8 35.4 58.5 55.3 54.8 0.6 0.6 <0.8 . 196 1.05 23 22 4 0 3.3 
10 2.4 8.6 ," 
-N 11 2.4 8.5 2.60 8.3 128 8. a 964 104 54.7 38. a 63.7 59. 2 55. 2 0.8 <0.5 <1.4 .175 1. 28 33 31 4 a 10.0 
til 12 2.5 8.4 
\3 2.6 8.0 3.25 8.3 237 8.7 803 69.6 47.1 38.3 73.0 56.5 55.8 1.2 0.9 <1.1 .207 1.01 26 23 0 0 14.2 
14 2.7 7.3 
15 2.8 6.4 2.80 8.3 113 9.3 873 59. 8 58.0 46.7 60.0 57.2 55. 8 I. Z <0. 5 < 1.4 . 205 I. 33 9.0 8. I 4 0 8.0 
16 2.9 6.3 -
' 17 3.0 4.9 9.83 ,8.3 112 12.2 791 74. I 52.8 51. 5 57.5 57.5 55.8 0.9 0.8 < 1.7 . 0q?6 .786 13 11 0 0 8.3 
18 3.0 5.2 7.60 8. 2 131 10.6 831 70.9 53.5 52.2 65.0 57 . 5 52.5 1.1 <1. 0 <2 . 8 23 15 0 0 6.0 
18.5 3.1 1.5 4900 8. I 295 26.3 511 1160 110 29.0 61. 0 55.0 53 . 5 16.0 11. 8 <27.6 8600 3700 
LBR 2.0 12.0 4.6 8.3 115 5.1 1460 88.9 61.2 53.9 77.0 75.0 (,9.9 0 . 7 <0.5 <1.4 28 13 66 7.5 
--~- ---
Secchi Depth (M): 1. 5 (under ice and Inow) 
Maximum Air Temp. (OC): 3.7 
Minimum Air Temp. (0C): 0 
Surface lliumination (Lwe): 28.000 
-N 
0'\ 
Table B-41. Water quality data for various depths of Hyrum Reservoir on March 19, 1974. 
Depth 
M 
Temp. 
°c 
Di.solv. 
Oxygen 
mg/I 
Total 
Suspend. 
, 7 
4.1 
4.0 
4.0 
4.0 
10.1 
10.1 
10.1 
10.0 
4.0 1 10.0 
4.0 10.0 
4 .0 1 10.0 
4.0 10.0 
4.0 1 10.0 
9.9 
9.9 
9.9 
9.9 
9.9 
9. 9 
9. 9 
9.9 
9.9 
9.9 
Solids 
mg/I 
33.0 
32.3 
33.0 
34.9 
3Z.3 
29.5 
29.8 
23.6 
24.8 
22.8 
25.0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
4.0 
4.0 
4.·0 
4.0 
4.0 
3.9 
3.8 
3.7 
3.7 
3.7 
3.7 8.7 17640 
LBR 3 . 0 11.1 
Secchi Depth (M): 
Maximum Air Temp. (0C): 
Minimwn Air Temp. (0C) : 
Surface Illumination (Lux): 
56.0 
. 3 
11. 7 
- 3.3 
33,000 
Total IArran>ni1 Nitriteritrate1 Unfilt. pH I Nitrogen Nitroge itroge Phos. I'og/I I'og/I I'og/I I'o g /1 Total Fllt. Phos. I'og/I 
8.4 
8.4 
8.4 
12 9 
124 
144 
8.5 
8. I 
8.4 
6 13 
618 
592 
88.0153.8 
8.4 
8.4 
8.5 
8.5 
8.5 
8 . 5 
8.4 
8,4 
8.4 
8.5 
116 
11 6 
102 
116 
137 
125 
143 
112 
167 
108 
9. I 
8.0 
8.4 
8 . I 
10.4 
9.2 
10.1 
10.1 
13.3 
4.2 
615 
6 1Z 
634 
616 
6 18 
675 
651 
637 
680 
723 
135 
126 
141 
lZ9 
144 
142 
120 
1 18 
123 
1 !O 
4530 
193 
57.0 
59.5 
53.2 
54.4 
60.2 
53.8 
48.2 
51. 3 
53. ? 
47.5 
75.4 
56.6 
Ortho 
Filt. 
Phos. 
I'og/I 
41.8 
49.7 
42.4 
47.2 
40.8 
3 7 7 
36.1 
36.7 
42.4 
40.2 
38.6 
Total 
Unfilt. 
Carbon 
mg/I 
49.0 
50.5 
48.5 
48.0 
48.3 
49.3 
49.2 
51. 6 
50 .0 
49 . 5 
52 .8 
55.7 1 147 
56.6 48.2 
Total 
Filt. 
Carbon 
~g/I 
47 .6 
47.3 
47.0 
46.8 
47.8 
49.3 
48 .0 
50.6 
49.6 
49.9 
52.5 
57.2 
44.0 
fu=~ ~~ 
Filt. Algae Diver-
sity 
Index 
Carbon 10
3 
mg/I Cells! 
42.1 
42.3 
42.8 
53.0 
44.0 
43.5 
43. 5 
47.0 
44.5 
46.8 
47.0 
48.0 
39.0 
5,0 
5.0 
2.0 
4.9 
5.0 
5.2 
5.0 
4.8 
5.1 
4.2 
2.6 
<1. 0 
< 1. 3 
< 1. 3 
<1.3 
<1 .3 
< 1. 3 
< 1. 2 
<1.0 
<1,0 
2.3 
< 1. 0 
ml 
3.3 1 2.29 
<3.5 1. 33 
1. 21 
1. 19 
<3.5 
<3.5 
<3 . 5 
<3.5 
<3.4 
<2 . 8 
<2.8 
<2.8 
<2.8 
.794 1 1. 37 
. 88 6 1 1. 21 
. 97011.29 
.956 1 1. 17 
.836 1 1. 05 
, 577 1 1. 15 
. 577 1 1.11 
.411 1 1. 13 
70.4 1 <25.9 1 <69.0 
2.8 <1. 7 <4 . 6 
T<1tal 
Plate 
Count 
Bact. 
103 
cfu!ml 
38 
36 
33 
38 
37 
36 
32 
ZI 
27 
1.5 
14 
Pig. 
Plate 
Count 
Bact. 
103 
cfu/ml 
23 
25 
23 
30 
29 
28 
25 
15 
22 
.68 
9 .8 
37000 13000 
26 10 
Total I Fecal ~ Zoo-
Coli- Coli- lankton 
forms form. tI/L 
,,!100ml */IOOml 
75 
38 
38 
30 
35 
4 6 
50 
31 
8Z 
3.3 
13 
13 
17 
20 
26 
10 
3 .3 
26 
2.5 
2.5 
5.0 
5.0 
2.0 
8.0 
16.0 
10.0 
Relative 
Vertical 
illumi -
nation 
IE/lo 
1.00 
. 0035 
Appendix C 
Example of Weighted Average Calculation 
Weighted average example calculation 
for temperature on June 9, 1972 
Table C-l. Horizontal intervals, incremental and total volumes used in calculating the weighted averages. ,,_ 
Increm.ental 
Interval Increm.ental Total Volume 
From. Volume Volume Average 
Bottom. 
m. 
0-3 
3-6 
6-9 
9-12 
12-15 
15-18 
18-18.5 
18-19 
18-20 
18-21 
18-22 
18-22.5 
W eight average = 
tem.perature 
W. A. tem.perature 
10 6 rn3 10 6 rn3 0 Tem.perature C 
on June 9, 1972 
O. 631 9. 8 
1. 35 10.0 
2. 15 10. 2 
3.07 10. 8 
4. 16 12. 2 
4.91 16. 3 14.5 
0.927 17. 2 
1. 85 18. 1 
3.72 20.0 
4.46 21. 5 
6.74 23.0 18. 2 
7.58 23.9 
average tem.perature 
2: (increm.ental volume) ( f . tIl) 
o Increm.en a vo um.e 
total volume 
= (9.8(0.631) + 10.0(1. 35) + 10.2(2.15) + 10.8(3.07) 
+ 12.2(4.16) + 14.5(4.91) + 18.2(6.74»/23.0 
= 13.90 C 
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Figure D-3. Correlation coefficient matrix for water quality parameters of the Little Bear River for 1973-74. 
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Figure D-4. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for May 26, 1972. 
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Figure D-5. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for June 9, 1972. 
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Figure D-6. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for June 22, 1972. 
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Figure D-7. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for July S, 1972. 
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Figure D-8. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for July 19, 1972. 
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Figure D-I0. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for August 14, 1972. 
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Figure D-ll . Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for August 30, 1972. 
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Fi.gure 0.12. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for September 13, 1972. 
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Figure D-13. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for September 29, 1972. 
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Figure D-14. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for October 18, 1972. 
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Figure D-IS. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for November 3, 1972. 
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Figure D-16. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for November 17, 1972. 
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Figure 0-17. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for December 20, 1972. 
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Figure D-18. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for January 6, 1973. 
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Figure D-19. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for January 27,1973. 
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Figure D-20. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for February 10, 1973. 
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Figure D-21. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for February 24. 1973. 
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Figure D-22. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for March 10, 1973. 
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Figure D-23. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for March 27,1973. 
VI 
-
" cor" 
lOr"" 
.'5.' t WATI"It .... 7 
3 00 '7." 
•••• 7 
.17.' 11.1 
·11.1 
·17.1 13.' 
• Til .lI.1 ..... 11.1 ' 
•• ' .'.1 .7 •• 1 ' •• 1 
II Itll '1.' .71.1 .'1.' •••• 
• S'.' ".' .'11.1 _'I.. .1 II Nil. • ••• 
II •• 7 NDI 
• NDI 
, TIN 
1.1 , .. 
.... H." 
.... 
.... .' 
•• 
'1.' 
•• 
Il.' 
•• 
.' 
.1 
.' ••••• ".1 •• 
.. .. 
·' •• a .. .. 
•• . ..... 
.' .... 
I.' ., ... 
7 ••• 
.' 
•• II." 
.• II.' I... .' .• • ... 7 •••. , II.' '7.' .'7.7 .... 1 11.7 71.' 
•• 
.1.1 
.' 
".7 
".1 
•• 
n •• 
11.1 
lI.' 
71.1 
.... 
'1.1 
·7.' III.~ 
·1.' 
11.1 
II.' 
·u •• 
".1 
•••• 
••••• ·Il.' 
·11.1 •• 1.1 
II.' ..... 
71 ... .. .. 
• ••• ·,a.I •.• ·11.' .11.' 
" .. ..... 
".. • ••• a 
.... 
11 TUIt 
11 TItlt 
11 Til, 
11 0'11 
U TUC 
111 T'C 
. '
•• 
•• 
•• 
... , 
17.1 •• 17.' 
.' 7.1 
.... 
••• 
.... 
".1 
•••• ".' 
...... ..... • ... 1 
.. .. 
".' 
tI.' 
.... 
.... 
.... 
"' 
'1.1 
..... 
.' 
H.I 
II.' 
•• 
.... 
•• 17.' 
1l.1 
.' 
.1 
•• 
·'1.1 •• 
",.a' 
• •••• 
•• 
. ... , 
. ... . 
•• 
• ••• 1 
.'1.1 
·11.1 
..... 
·".1 
• ••• 1 
·11 •• 
.71.' 
·1'.' 
·U.' 
••• 7 
• ... 1 
·17.' 
.1.' 
·11.' 
-U •• 
·1 •• 7 
·1'.' 
..... 
·11.' 
·tI •• 
. ... ' 
.. ' II.' 
.71.1 
Il.' 
.... 
..... 
II.' 
11.1 t1.~ .11.' .• 
11 TItC ., .' .... 1 .'7 •• 
.' -II •• 
• ••• 1 .' .71.1 .u.. .... , .... n.. ·u.. ..... . ... 1 •• •• ·U., 71.. .IH." 
.".. .. 17 r,c ..... ••••• .11... .17.1 
••••• 
.... 1 
·11.' .... , 
.17.' ..... .7 ••• 
..... n.7 ·7 •• 1 
.• ·'7., 
.' 
••••• .' 
11 c,e 
U CIIL 
·17.' 
• ... 1 
·7 ••• 
·7 ••• 
".' .... ..... ·U., ...... ..... ." •.• 
"'.1 .... .".1 .u.. .... ., .... 
•• TOT ALI .... • ••• ·'7.' II.' 
" DI",,, 71.1 ..... .71.1 U'.' 
'1 .• 
.... 
n.a U.I II.' "... .U'.' 
1.1 TOT lAC 
n 111& lAC 
U ZOO 
III LNIIVI 
• ''1.1 
-1 .... 
• ... 1 
21',. 
-17.1 
• .... 1 
•• 
.11 
.... 1 I .... 
.71.1 ., .... 
"' .. 
.1 .... 
I .... 
77.1 ., .... 
.. ., .... 
,:t •• 
.' 
·U'" 
•• 
Figure D-24. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for April 17 , 1973. 
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Figure D-25. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for April 28, 1973. 
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Figure D-26. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for May 12, 1973. 
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Figure D-27. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for May 30,1973. 
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Figure 0-28. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for June 9, 1973. 
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Figure D-29. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for June 25, 1973. 
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Figure D-30. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for July 12, 1973. 
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Figure D-31 , Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for July 28, 1973. 
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Figure D-32. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for August 15, 1973. 
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Figure 0-33. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for August 28, 1973. 
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Figure D-34. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for September 12, 1973. 
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Figure D-3S. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for September 29, 1973. 
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Figure D-36. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for October 13, 1973. 
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Figure D-37. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for November 3, 1973. 
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Figure 0.38. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for November 17, 1973. 
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Figure D-39. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for December 16, 1973. 
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Figure D-40. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for January 12, 1974. 
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Figure D-41. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for January 26, 1974. 
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Figure D-42. Correlation coefficient matrix for water quality parameters of Hyrum Reseryoir for February 9, 1974. 
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Figure 0-43. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for February 23, 1974. 
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Figure D-44. Correlation coefficient matrix for water quality parameters of Hyrum Reservoir for March 19 , 1974. 
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Appendix E 
Miscellaneous Information and Data for Hyrum Reservoir 
and the Little Bear River 
Table E-l. The flow of the Little Bear River near 
Paradise, Utah , from 1938 through 1973. 
Flow data obtained from the USGS. 
Year Flow 
a c-ft / ~ r 
1973 84,800 
1972 102,200 
1971 56,200 
1970 57 ,200 
1969 82 ,560 
1968 63 ,020 
1967 80 ,390 
1966 54,060 
1965 70 ,625 
1964 54,530 
1963 37 ,650 
1962 80,670 
1961 25 ,620 
1960 41 ,540 
1959 37 ,950 
1958 64,720 
1957 67,450 
1956 74,100 
1955 55,160 
1954 40,360 
1953 56,760 
1952 100,200 
1951 82 ,260 
1950 94,340 
1949 74,380 
1948 80,250 
1947 56,160 
1946 85 ,030 
1945 68,000 
1944 47,040 
1943 65,540 
1942 52,000 
1941 35 ,270 
1940 30,960 
1939 44,130 
1938 67,490 
172 
Table E-2 . Composition of algal preservative used to 
store algae for counting at a later date. 
Algal Preservative 
Iodine 10 grams 
Potassium Iodide 20 grams 
Glacial Acetic Acid 20 grams 
Water 200 ml 
Add 1 ml of preservative per 100 ml of sample. 
Store both preservative and preserved sample 
in airtight amber bottles. 
Table E-3. Global radiation for Logan, Utah, expressed as calori~s per centimeter. Data obtained from Dr. Dirmhirn of Utah State University. 
T able E - 3 . Global radiation fo r Logan , Utah, expressed as calories per centi mete r . Data obtained from Dr. Di rmhirn of Utah State Univer s ity . 
Gl obal radiation for 1972 (s olar and s cattered) i n ca 1. /cm2 for Logan, Utah 
Jan Feb Ma r Ap r May June J uly A ug Sept Oc t Nov Dec 
172. 8 208.9 346.0 401. 7 713.4 645 .0 75 6. 3 54 3. 5 5 14 . 0 41 6.2 240 .8 232 . 1 
57. 7 334 .7: 70.5 332.2 684. 0 515 . 0 67 3. 6 6 36. 1 5 22.6 455 . 0 83. 1 204. 7 
23 8. 0 329. 6 124.1 606.3 708. 8 653 . 2 77 6.1 679. 6 5 56 . 4 458.5 282 .5 85 . 2 
4 212. 1 26 1. 1 229 . 0 344.1 646.3 544.3 7 6j. t 679 .0 493 . 0 15 5 . 7 23 4.0 132. 7 
5 95 . 9 24 0. 4 415.0 25 2 . 5 675 . 4 5 26.5 633. 9 68 1. 1 100 . 9 196. 6 77 .7 32 3. 7 
6 199. 8 122.4 192.6 431. 8 501.8 54 0. 7 728 . 6 686. 6 381. 5 352.5 30 3. 8 7 6.2 
7 241. 2 13 6.9 424. 7 375 . 5 530.5 442.3 685.0 681. 3 541. 8 253. 1 127 . 5 113.3 
8 247. 4 242.0 469.5 628.5 468.6 4 60. 3 64 6.9 679.6 547 . 3 4 15.3 65 . 3 120. 9 
9 184.2 3 60 .4 466.3 589. 9 27 5 .9 697.7 7 35 . 4 6 69.5 420. 1 29 3. 4 24 6. 4 28 6.1 
10 82.5 363.0 413. 2 150.3 6 10.6 663. 1 672. 0 647.8 432 .3 250.0 16 1. 4 271. 7 
11 29.6 35 3.2 410. 9 273.6 60 9.1 726.0 722. 6 609. 1 461. 7 372.5 128.3 242. 5 
12 72 .3 290. 0 459.8 235.0 690.1 744.6 726.2 600 .8 555. 7 237. 6 129.0 134. ) 
13 132.4 148. 3 348. 7 317.0 7 31. 0 742. 5 726. 0 5 12. 4 557.8 401.4 190. 2 204. 1 
14 260. 0 153.2 453. 9 658.7 730. 8 757.3 72 1. 1 53 7. .6 55 6. 5 377 . 0 164. 9 242.6 
-
15 257.7 130 . 8 499. 5 588.5 '706. 9 724. 4 723. 8 4 66. 4 547. 0 -1 47.3 94. 4 245 . 9 
....... 16 25 8.5 295 . 4 496. 1 488. 1 73 1.8 7 58.9 724. 0 646, 6 536. 0 j 0 5, ~ 9C 7 213.4 
W 17 179.7 80. 7 498. 1 512 . 5 5 87. 1 5 99. 9 72 6. 6 644 .4 53 6. S 357 . 8 84. 6 104. 
18 54.1 326.8 344.2 275.4 625 . 0 611. 0 727. 5 413. 3 405 .4 182. 5 14G. 3 12.4. 
19 60.9 371. 8 180 . 4 255 . 5 490.9 747.0 712. 2 589. 3 35 5. 1 77 . 0 5 1. 3 79. 8 
20 57.6 35 8. 3 536.0 5 81. 0 422. 9 7 66.3 568.4 612.5 52 8. 8 110.6 142. 2 86. I) 
21 33.3 301. 3 4 60 . 4 347. 0 74 6.0 7 60.0 468.6 612. 8 509 . 6 133.5 136. 8 116.5 
22 4 1. 7 267 .3 4 5 9. 2 656. 1 407.7 293. 9 7 36.6 620 . 4 446. 0 30 3. 5 271. 0 50.9 
23 39.8 179.2 210.0 681. 8 69 4. 3 432. 1 723. 8 4 7 1. 5 440 .6 307 . 0 260 .6 147. 0 
24 158. 6 75.9 4 20 . 3 5 18. 5 51 2.0 251. 9 70 8. Z. 504.0 492. 5 11 5. 2 117.8 70. 5 
25 185.7 239. 3 22 6.1 31 5. 5 75 0. 0 622.4 689.9 B O. l 480. 5 365.5 65.8 113. I 
2 6 186. 5 122 . 4 408.0 695 . 8 708.5 650. 2 66 9. 2 63 1. 5 207 . 5 131. 5 26. 4 230 . 0 
27 228 .1 303 .6 5 10 . 9 705 . 3 745 .4 7 53. 1 652 . 8 6 17 . 1 68. 1 367 .6 183 . 6 185. 2 
28 151. 4 109.1 5 2 1. 7 695.6 74 3. 8 755 . 3 7 14.5 551. 7 290.3 174. 5 87 . 4 66. 1 
29 198.7 109.3 414.8 664. 3 747 . 5 7 6 1. 4 682 .3 542. 5 487.8 24 9.7 14 1. 1 157. 3 
30 31 6.5 4 19. 5 4 65 . 8 749. 7 D 6.1 407 . 5 5 7 6. 1 472 .6 34 7.2 233. 8 128. 2 
3 1 30 6. 3 584 . 3 740.1 651 . 8 379. 7 34 8. 8 175 . 3 
Monthly 4 , 941. 0 6,8 15.3 12,013.7 14, 043 . 8 19, 685 .9 18 .8 83. 0 2 1, 254 . 5 18, 27 8.9 13 , 446.2 8, 859.8 4,570. 7 4,964.3 Total 
Monthly 
A v e. 
159. 4 235.0 387.5 468.1 635. 0 629.4 685. 6 589 . 6 448 . 2 285.8 152.4 160.1 
Annua l T otal 147 , 757 . 1 
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Figure E-1. Surface area of Hyrum Reservoir as a function of depth. 
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